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EXECUTIVE SUMMARY t

This Technical Memorandum was prepared
originally as part of the Generic ELINT/COMINT Sensor

, Report (FY-86) which was elmininated under the FY-87 5y
. statement of work (SOW #2), undated (delivered to ’
JPL 19 November 1986). ::":::.\
G OO
ot
The purpose of the Generic ELINT/COMINT Sensor q}:‘.i'.::"
Report, of which this paper was intended (in its
final form) to become part of, was to establish a e
basic superhetrodyne receiver based sensor model and et
perform simulations with it to determine the shaping kﬁ'{f,ia
or coloring of the statistical distributions of the :‘,::Qt}
radar free-space signal parametrics by a typical '::i“é:‘
sensor prior to reaching the self-correlation et
processes. It was also intended for incorporation 1.\!,'
into the algorithm test bed so algorithms could be Y
y tested with realistic distorted data rather than Y
unrealistic stastically pure data. b %
A
This work was originated in support of it
unanswered questions from previous self-correlation )
studies. The modeling and simulation approach was o{i{o::;
used because "live date" could not be obtained. i .:,:.
; . ." ."-
y This paper is being published because it was ':.a‘:‘é’
completed in FY-86 with FY-86 funds and still serves it
a useful function. o
5L
Several significant results were noted while .:::
performing simulations on this model. The first ﬁ%:e
) order math model is developed for the Bragg-cell PRt
: receiver. Whether the input distributions were 0‘::03:
] uniform or Gaussian, the output distributions were 004
found to be shaped so as to append a staircased
triangular distribution. :"?'
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Y ABSTRACT
Bragg-cell receivers are employed in specialized Electronic Warfare
(EW) applications for the measurement of frequency. Bragg-cell receiver

o characteristics are fully characterized for simple RF emitter conditions,

N ({

() i
() J
.az‘!'l.

but less understood for complex and wideband RF emitter signals. This
3 receiver is early in its development cycle when compared to the IFM receiver.
Functional mathematical models are derived and presented in this
By report for the Bragg-cell receiver. Theoretical analysis is presented and
digital computer signal processing results are presented for the Bragg-cell
receiver. Probability density function analysis are performed for output

frequency.
Probability density function distributions are observed to depart from
¥ assumed distributions for wideband and complex RF signals. This analysis
is significant for high resolution and fine grain EW Bragg-cell receiver

systems.

I FOLOOAN ] ‘ - PP IR N [ = - s M
i "’\‘,h‘.'»h‘ T RN b.i.\. X 1“,‘1""‘-’.‘» FORMORIC ’n,t‘:‘.l‘.,q, 2.0 ,n, 0% L .I."h"l»’. “' K5I ( .'.){'-;'u‘. ,uﬁ"t RIS "‘\ N




S Lia Ll TE vt AR YR TN AR TN TR o T I A A R R N Y IR A A [ YRR T 4 A ab., o gta d*ta 4y §

&

-

y NEW TECHNOLOGY

== 26

None ; 3

-
)
P e’

-

2 Tl

=

)

w3

: )
¥ \{

- '
: ik

by 5
R4 b N
H ? L
3 X R
) T .‘
d \
p .
¥
f W N
iy =
]
] N

o e e
-
3

 “ar
- o
- -

LM S

Pt

EL L2

- i f
-

h

BRR =

-
A

e e e
AEEL
o W ]

A

[ ]
o]
F -%%T

¢ % D% - ) ‘ % : ) {1 W W NP A ~ Sy » " W ¥ - " O\
B, O U N R R A R M R R TR R S R TR N

5.V 1%,




TABLE OF CONTENTS

EXECUTIVE SUMMARY
ABSTRACT

NEW TECHNOLOGY
TABLE OF CONTENTS

INTRODUCTION .
BRAGG-CELL RECEIVER.

. - .

Introduction . .
Ideal Bragg-cell Receiver Characterization

Practical Bragg-cell Receivers
PROBABILITY DENSITY FUNCTION ANALYSIS- Bragg-cell Receiver

SIGNAL PROCESSING ANALYSIS . .

Introduction . .
Bragg-cell Receiver Model Results

CONCLUSIONS & RECOMMENDATIONS .

REFERENCES.
APPENDIX A .

A

- - - . ma . . o’ AN
B LA L L . W LA L s % ~ P IR I ] " - - " Yo
RS u"i!m’ X \‘i‘@'%‘.tlﬂ.i‘.'l.«"!\I‘!.‘. o l.i’.',‘.",g"’t’\‘! .1‘!,. [ O o o N .O"!O . ...l,u f. “J“,I ; .'5"!‘ L WY ,.‘I,. f P.'I?. . * .‘l, .‘.’.‘l .’ A .‘l \'l ~ oy g,




3 < %0 $0% § PO IYTIRI P TU T U WU, W iy u'd BY atE R oYL eV e ) wal dal ok ‘ol U b *ad e ¥

O Oy
N
‘l
B
UK
INTRODUCTION )
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£ UR
Ly \
X
The development effort is for theoretical analysis, software algorithms v '{:
[N
Y
implementadons, signal processing analysis, and test analysis for probability I : X
° \J
density function characterization of a Bragg-cell receiver system. SigPro -
Systems Inc. is performing this work under JPL Contract No. 957474, Mod. ;‘:;i
o
No. 1. %‘: Er’
This final report describes the completed study on the Bragg-cell "
receiver. A functional mathematical model is derived for the receiver. g ,:
o
This math model is implemented into digital computer software and signal :":

{ £

processing analyses are performed.

Theoretical analysis is developed for the Bragg-cell receiver. Ideal - t
and practical subsystem implementations are presented and analyzed. The hd ;:‘
key ELINT parameter of interest is frequency, hence, the theoretical analysis N g‘
presents the basic analysis approach for frequency. Probability density - |'y;
function analysis is presented for first-order subsystem model. ‘:‘: \E

The theoretical model for the Bragg-cell is developed into a digital .f
computer programi All computer programs are listed in Appendix A. {'-3 $|‘

Signal processing analysis is performed using the derived first-order : ‘
model. The pdf characteristics of the Bragg-cell receiver's output frequency A “
are determined for assumed input frequency pdf (constant and Gaussian) =
characteristics.
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BRAGG CELL RECEIVER AN,
[ )
ON .
INTRODUCTI % 7
A Bragg-<ell receiver is used to measure frequencies of input RF radar oy :":::
e y‘l“:'.:a
pulses, with wide frequency coverage, large dynamic ranges and simultaneous AN
or time coincident signais. The ideal Bragg-ceil receiver will measure the buo, ,:3'»
N
frequency parameter ona single pulse basis with no distortion. Practical :&{5
Py
Bragg-cell receivers will distort the frequency characteristic of a radar emitter ..\.‘A'.gf,
because the ideal Bragg-cell receiver characteristics are difficult to approximate ,."
. R
in real life. S .‘:
W
The radar‘s frequency parameter can be characterized using a random b .‘:::?é:
variable. The random variable may be quantified by the probability density r
N
function (pdf), mean value, variance and other moments. As a radar signal ‘::":::
“‘ U
passes through the Bragg-cell receiver the random signal description is modified E ?:ﬁ‘o
.D.
or distorted by the receiver's nonlinear transfer function characteristic. s 5?
Bragg-cell receiver characterization of RF frequency will differ from actual E'_;%’h
re. . emitter characterization by multifaceted distortion effects. t?{j\
This section presents . functional description of the Bragg-cell receiver N PY
. U
with potential distortion sources and mechanisms and a first-order Bragg-cell .::::E:’!':
[ % 0 Yy
s 0
receiver model is developed. This Bragg-cell receiver model is used to analyze '{ .‘:Eg:i
D0
the distortion of the frequency's pdf. The first-order Bragg-cell receiver model "“‘
“

is limited to key distortion effects.

IDEAL BRAGG-CELL RECEIVER CHARACTERIZATION

8

oy
e gx

Y2

A functional dblock diagram of a Bragg-cell receiver is shown in Figure

1. The basic receiver includes an RF-to-IF downconverter, Bragg-cell with

- 4
3 \"a/
P s

AQ transducer, laser source, beam expander optics, beam focusing optics,
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-

A LA
CAANA
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detector array and processing electronics.
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The RF input signal is characterized bv

x(E) = X (%) COSEUJJ" + 43("5)-] Eq. 1

where
: x(t) = Pulsed or CW signal,
X X(‘b)= amplitude modulation function.
! UJQ = fixed angular carrier frequency,

; @) =  phase deviation function.

The RF-to~[F downconverter is described in Reference 1. The ideal
downconverter is composed of an ideal local oscillator which is a perfect CW
signal, a perfect product mixer, and an ideal bandpass filter. The ideal IF

i3 signal output from the downconverter is described quantitatively by:

té(_ﬂ = X(j:.) COS[LU::'b + Cb(t)—] . Eq. 2

Equation 2 is identical to Equation 1 with the fixed angular frequency being

changed from w_ tow The [F center frequency is chosen to match the

I
center frequency of the Bragg-cell and AO transducer. Ideally the IF signal

replicates the input RF signal. The RF-to-IF downconverter is descridbed and

characterized in Reference 1. RF-to-IF downconverter analysis will not be 3 ’,‘,.‘;
presented in this report. NS
! The [F signal drives the AO transducer which launches an acoustic signal
through the Bragg-cell. Specifically, the IF electronic signal is converted '33 *.
into an acoustic wave (slow wave replication of the IF signal) which propagates :\i {

LU

ADUOUOMOG R AL POWFOUOLIONK) DO IO S ) ) . . )
O N GG O O L LN LA DT M AT OGOENC N U TR AL LA TN X UM MO M I A A ...g..'...:.‘::.:‘:
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through the optically transparent Bragg-—ceil. Through the elasto-optic effect.

the acoustic wave produces a spatial modulation of the rerractive index in

the Bragg--ell (Reference 2.)

The laser source is expanded bv the beam expander ootics and lluminates

the Bragg—ceil. As the laser light passes through the Bragg-cell, the refractive

T s 4.t

index variations produced by the acoustics wave (which is a slow form replica

of the [F signal) are impressed onto the optical signal as a spatial phase

modulation.

Focusing optics are used to equivalently Fourier transform the modulated

optical beam. Resultant optical Fourier transform signal is focused onto the

detector array or frequency focal plane (see Figure 1.) The photodiode detector

9 R B2

a_, array is used to capture and convert the optical signal to an electronic signal
#y

3:3, representation. The detector array is a linear photodiode array which is
ib' .

oy functionally used to detect and measure light intensity versus frequency of

lE

the transformed optical signai. The detector array is electronically read by

the processing electronics, which also provides follow-on signal processing

o<

functions.
The Bragg-cell moduiator is depicted in Figure 2. The incident laser

light interacts with the acoustic signal in the cell to produce a diffracted light

information signal along with undeflected laser light signal. The diffracted
; laser signal is also frequency shifted by the acoustic signal frequency. The
- incident laser light hits the Bragg-ceill at an angle st with respect to the

Py
'::: z axis. The IF electronic signal is sent to the AQ transducer to convert the l&g »
K3

IF signal to a replica acoustic signal. The acoustic wave of frequency £
oy ‘e g
;:' propagates with velocity Ve along the x - axis in the Bragg-ceill. f ’

The diffracted laser light signal resuits from the AOQ interaction effacts

between the incident laser beam and the acoustic information bearing signal

[
%

W
W o 3%, %8 AN Y G [ " " el
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in the Bragg-cell. Maximum diffracted laser light energy occurs in the first

order beam when (Reference 2):
-l A g‘
e, = SN 2 Vs Eq. 3.

ed= e',_

and

Eq. 4

where
A = Wavelength of laser light
-? = Frequency of acoustic wave
\js = Velocity of acoustic wave in Bragg-cell along the
x-axis.,
B} = Effective angle of incident laser light.
e T Effective angle of first order diffracted laser light
information signal.

Detailed Bragg-cell analysis would require AO cell refractive index
variations analysis for ’precise quantification. This first order Bragg-cell model
does not require this detailed analysis. Functionally the Bragg-cell model
is accurate and conceptually clear for the external angles 6 | and @ &

Bragg-cell processors are, in general, configured so that ei<< 0.1

radian, hence, Equation 3 can be readily and accurately simplified to:

-
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Whet
“!:..:l::

x-$| Wit
&= 2Vy Eq. 5. Py

Using Equatipn 4 and 5, the following equation for the effective angle l':":cf

of the first order diffracted laser light information signal is: v

AL,
8= 2Vs 5. ¢

Equation 6 reveals that o 4 varies directly with the acoustic wave frequency. ,::e;,(

As stated earlier, the [F signal frequency is related to the acoustic wave i
frequency by: (Reference 2) K

: $ — K $ |::‘:'l
z = Bq. 7. R

where K is a constant. 5{:
5 Equation 8 results by combining Equations 6 and 7, Q)
A $ar

. = Eq. 8. vk
©a= TR Vs i

-
-
-
-
b
G

Equation 8 shows that @ a varies directly with the [F signal carrier frequency.
The actual displacement of the diffracted laser information signal from
the undeflected laser light (see Figure 2) is given by (Reference 2.)

o F 2- ggﬁ Y
) - ok,

i v AN
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where F is the focal length of the focusing optics.

A fixed Bragg-cell receiver will result in Equation 9 reducing to:

-A,-—- K‘ ‘;zp

The actual displacement, d, of the diffracted laser beam relative to
the undeflected laser light passing through the Bragg-cell is directly proportional
to the IF frequency of the input [F electronic signal. The diffracted laser
beam will hit the linear detector array at a specific location which corresponds
to one IF frequency. The Bragg-cell receiver is calibrated by varying the [F
frequency of the input [F signal over the entire operating bandwidth and
capturing and analyzing the electrical output signal from the linear detector
array. Detector array element signal versus [F frequency characteristic is
used to quantify the Bragg-cell receiver's frequency measurement performance.

The undeflected laser light is (the zerc—order output from the Bragg-cell)
described by:

L) = L;(t) C°S[2«r£_‘t + ’7‘(‘:)‘:]

where
Q&)= undeflected laser light signal.
L.(t) = amplitude or intensity of undeflected laser light signal.
%‘ = laser light {requency
(&) =  phase variations on laser light signal.
The diffracted laser information signal is quantified mathematically
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2,8 =L,&) cosjem(f+ 8 )t + Stt)—J Eq. 12.

where

Q2 l(ﬂ 2 Diffracted laser information signal.

L,(8) =  Amplitude or intensity of diffracted laser information signal.
"f
: 54\3 + Q‘ = Frequency of information signal.

Q(£) =  Phase variations of information signal.

S

‘>t

; Equation 12 reveals that the diffracted laser output signal is frequency
: shifted. The frequency shift is produced by the laser light signal and acoustic
signal interaction in the Bragg-cell.

' The Bragg-cell receiver is conceptuaily a parallel. muiti~channel spectrum
analyzer, which determines the Fourier magnitude spectrum of the input IF
signal. The electronic circuit model for the Bragg-cell receiver is depicted
in Figure 3. The IF signal input is applied to a parallel narfowband filter bank
with an associated diode detector and filter bank. Each output signal is a
power or energy indicator of the [F signal spectral content in each selected
narrowband filter. |

; PRACTICAL BRAGG-CELL RECEIVERS

‘ The ideal Bragg-cell receiver is characterized in the previous section,
K with the measured frequency being derived from Egquations 9, 10, and 12.
This section will identify and briefly present some key differences between
practical Bragg-cell receivers and the ideal bragg-cell receiver. The Bragg-ceil

receiver, shown in Figure 1, is a reference for this discussion.

Y 13
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BRAGG CELL

The ideal Bragg-cell is assumed to have an undistorted acoustic signal
replica (at acoustic frequency) of the IF input signal propagating through the
cell. The AQ transducer provides this electronic IF signal to acoustic signal
conversion. The AO transducer has transfer function nonlinearities, which
produces unwanted and added acoustic signal components. Simple sinusoidal
electronic signals are subject to minor variations, while complex and wideband
signals may be significantly distorted by the nonlinear transducer action.

The ideal Bragg-cell is assumed to provide a perfect acoustic signal
termination, at the far end of the cell. In general, the acoustic signal
termination is not perfect, which cause low level acoustic signal reflections
and distortion generated signal components to propagate back through the
cell. These reflected acoustic signals are considered as additional distortion
sources, hence, variations in the diffracted laser information signal can be
expected.

Actual distortion effects are determined by AO transducer nonlinearities,
reflected acoustic signal levels, total acoustic signal parameter descriptors
and Bragg-cell properties. The complete acoustic signal's instantaneous
frequency is determined by amplitudes, frequencies, and phases of desired
acoustic signal, undesired reflected acoustic signals and nonlinearly generated
and unwanted acoustic signals, Frequency variations produced by instantaneous
frequency changes will produce angle variations in the diffracted laser
information signal; thus, frequency measurement errors in the Bragg-cell

receiver.
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LASER SOURCE

The laser light source is ideaily assumed to be constant amplitude and
fixed frequency signal. Actual laser sources can have some minor frequency
shifts. Minor frequency shifts will results in small angle variations in the
diffracted laser information signal. (See Equation 3.)

Frequency variations will widen the effective spotsize and change the
angle of the diffracted laser beam, which means the light energy may be spread
over more detector elements in the linear detector array.

The laser light signal does not have a constant intensity or amplitude.
The amplitude is quantified by deterministic and random signal components.
These amplitude variations will result in diffracted laser information signal
intensity level variations at the detector plane.

OPTICS

Beam expander optics and diffraction signal focusing optics are
fundamental modules in the Bragg-cell receiver. Beam expander optics shape
the coherent laser beam to illuminate one entire side of the Bragg-cell. This
beam expansion provides a long path interaction between the acoustic signal
and laser light within._ the Bragg-cell. Beam expander optics and laser source
are positioned so that the laser light strikes the cell at the Bragg angle.
Nonlinearities, positicnal variations, and rotational variations in the beam
expander optics can produce amplitude and angle variations in the diffracted
laser information signal. These errors are usually very small for well-designed
optics,

Focusing optics are used as the so-called Fourier transform lens. The

Sragg-cell is positioned in the front focal plane of the lens. The photodetector
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array is positioned at the back focal plane of the lense. (Reference 3.) Again,

nonlinearities and location variations in the focusing optics variations can

produce intensity and angle variations in the diffracted laser information signal.

These errors are also very small in weil-designed optics.

DETECTOR ARRAY

The ideal detector array is assumed to be a long linear array with high

Practical Bragg-cell receivers use long

{requency resolution and sensitivity.

linear photodicde arrays, where typically 512 or 1024 photodiodes are closely

spaced along the array length.

Figure 4 presents an illustration of two diffracted laser information

signals striking the photodetector array at two different diodes (two different

frequencies.) In actual practice, the light spotsize for each beam is larger

than the area of one photodiode; hence, the light spills onto the area between

detectors and also onto adjacent detectors.

Diffracted laser information signal angle variations (frequency variations)

produce energy spread over several or many photodiode cells. Each photodiode

cell is used to determine the signal energy in resolved and calibrated frequency

space. The photodetector array is electronically readout to determine frequency

and amplitude information for each diffracted laser light information signal

X3
‘.':‘ The photodetector array is functionally and practically described as a frequency
sampling unit, with 512 to 1024 frequency bins. Each photodiode determines

the elemental frequency resolution.

Bragg-cell receivers can accurately measure frequencies of time coincident

or time overlapped signals, which is a big advantage over other receivers,

such as the [FM receiver. These receivers are available with bandwidths to

approximately 1 GHz, and frequency resolutions of 100 KHz to 10 MHz. The
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Bragg~cell receiver's dvnamic range is approximately 30 to 40 dgb. with the

hotodetector array's dynamic range being the critical limiting factor.
1%

PROBABILITY DENSITY FUNCTION ANALYSIS
BRAGG-CELL RECEIVER

The prooaoility density function (pdf) of the Bragg—cell receiver's measured
frequency parameter is considered in this section. The pdf charact:eristic
is develoved for a [first order Bragg-cell receiver model under high
signal-to-noise ratio conditions. The I[F signal's frequency characteristic is
assumed to have a constant pdf or a Gaussian pdf.

Ideal and practical Bragg-cell receivers are discussed earlier in this report,
and characteristics equations are provided for the {deal receiver. The Bragg-cell
and AOQ transducer are key producers of {irst-order distortion effects. Distortion
effects include AQ transducer nonlinearities and reflected acoustic signals
returning from the far end of the Bragg-cell. This analysis assumed that acoustic
signals generated by AOQ transducer nonlinearities are significantly larger than
reflected acoustic signals.

The ideal Bragz;.cell receiver contains a single acoustic signal

&) = Z2&) COS[Z’W?,{: + d,(‘t)-l Eq. 13

which resuits in the diffracted laser information signal given in Equation 12.
flis the frequency of the acoustic signal, which is directly related to the
frequency of the input [F signal. (See Equation 7.)

AOQ transducer nonlinearities are producing undesired acoustic signals

19
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: in the Bragg-<ell. Undesired or unwanted acoustic signals are described as A\
. A
\
! a cosinusoidal series of N components (harmonics and intermoduiation -
& K
¥ components at a significant energy level) which are characterized as: ';_
O
R )
N "g ::
h

ZA

"

N
ag) = > Un&) coslam £t +d, (k) _
m=2

L2
-

where

-

UL{:}: Total unwanted acoustic signals in Bragg-ceil. The AO

P A N

transducer will generate harmonics of f1 and other

intermodulation frequency components,

T o
- -

(7 R~

Unl®)

%“ = Frequency of n th. unwanted acoustic signal component.

Amplitude of n th. unwanted acoustic signal component.

-~

2 BTN e -l
T -

-

.1
Harmonics of fl and intermodulation frequency components - .
'I
y are present. g &
[} { ] ‘

Phase variations of n th. unwanted acoustic signal component.

4,)

The total acoustic signal in the Bragg-cell is found by summing Equations 13

-
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e

and 14: ) 3::
\ % %
v w ('b) — (t) + W (-b) oW
h = 3 Eq. 15. o
o S
) ‘::v: '
Y Equation 1$ can be rewritten, with a lot of work, as: WD t\;
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where

: N 2 ' N
o= = s +[\ + 2 Gl
,s;: ma2 Ma

Laty

— N
= Sak)

;i‘ - -! m=2
8 B = tan X .6

& ma2

i ) Loy

¢ S = K, S\N(zﬂ' AtmE “‘Ae’m)
R Cn ét'):‘ K. COS 21 A%..t + A 6,,)

, Unm (¥)

- A‘Pm—-; ‘?m— gl

B ABn= Salt) = d,(8)

iy
2:' The instantaneous frequency variation, resulting from 3(t) phase
»
variations in Equation 186, is
K
',v 21

‘Q‘r‘l'.‘\’.,"b& ‘."I.‘ 'q'?“h‘ .
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i The instantanecus frequency variation is a very complex function of .
N

) [y
Y amplitudes, frequencies, and phases of all unwanted acoustic signal components J :'
in the Bragg-cell. Equation 17 can be rewritten using the Fourier series {_B Q
1 . O
: expansion as a fixed frequency plus a series of harmonically related frequency : v 'te
[ N
: components. A first-order approximation is the reduction of Equation 17 to ﬁ t

K]

a fixed {requency, v
)

-
-

L A $--z &) = ’?'z Eq. 18. E

!
T
Y .
3 % K
L & ‘:
N fz is used to approximate the resuitant frequency component, which :f
*
is produced by unwanted acoustic signal components propagating in the @ .~
3* . “
4 ~
' Resultant phase variations are approximated as: rég ::
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The total acoustic signal (Eq. 16) can be approximated as:

W) = 2k) AR) casEe THE +2wlt + o8|  Eq 20 e,

) The total instantaneous frequency of w(t) (Equation 20) is: Wy
N L BT
%C‘t) = § ‘gz Eq. 21. e

Equation 12 can be easily changed to approximate unwanted acoustic '::

] signals. The modified Equation 12 resuits in the following equation: e

5 QW)= L ) coslem(f, +4 +$z)t +S0) (. Bq 22.

A The actual displacement of the diffracted laser information signal (Equation '.‘.':*i
g 22) relative to the undeflected laser light is Wty
o F ?‘ ( ¥'| + ‘gl) ' o
ke A = .

Bq. 23. l.g‘i‘.-
oy Vs ::l ‘::l

o Equation 23 reveals that 4 is a random variable since it is a summation ot
of two random variables g,andg,. Conceptually, the spot size of the R
diffracted laser information signal is increased by the unwanted acoustic signal .a-:

s

e, »

o components. The actual displacement 4 is directly calibrated to a photodiode
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cell in the linear detector array, which corresponds to a specified frequency

2 bin.

;: f, and £2 are assumed to be inacependent random variables for this
"" analysis, Pdf characteristics of £, ard £, are assumed to be either constant
] or Gaussian. The pdf characteristicof 4' is the convolution of pdf (2 »
‘.‘vJ

;:- and pdf (f2 ), if the random variables are independent (Reference 4.)

"

L,

¢

RS

n: (-}

!

I ] ——

2 pdg (d)=| pet (d-%) pds(s) df 2g. 20
'l’

: Lo

»

.J“

:‘o where d’ - V~s .

;! -— F 1

:

! Each frequency bin in the linear photodiode array exactly corresponds
0 to Ad bin coverage in displacement space.

U

)

% The output frequency of the detector array is

L}

$°'= Ka d Eq. 25.

Substituting Equation 28 into Equation 23, the resuit is:

3 Ka F2A (§+5,)
. $‘= % Eq. 26.

The Bragg-cell receiver's measured output frequency can be stated in
o terms of the input IF signal's frequency by using Equations 28 and a modified
K}

‘; version of Equation 7. The output f{requency is:

¥



o= Ks (8, + ¥‘,>

Ka FA
Ka= K Ve

a
$2 = The equivalent [F frequency of unwanted acoustic signal

L

components approximated as acoustic frequency £ 2"

" fo is a linear combination of two random variables tr " and f‘z

» which are assumed to be independent. The pdf (za) is the convolution

of pdf (:I g) and pdf ( 1*2 ), which is expressed mathematicaily as:

‘;' p 48 (*o) - f P&g (Sf"," ‘Q:,) P&Q G:;) d%,g . Eq. 28.

The pdf (f,) characteristic is functionally divided into sampled ag,

X bins by the photodiode cells in the linear detector array. This frequency domain

binning process is equivalent to discrete sampling of the pdf (£5)

) characteristics in A!D bin widths, Atnis the basic frequency

resolution of the Bragg-cell receiver at the linear detector array. The actual

pdf characteristic of the Bragg-cell receiver's frequency parameter is a discrete

characteristic, which is a function of the pdf of the IF signal frequency and -
pdf characteristic of the equivalent unwanted signal components.
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SIGNAL PROCESSING ANALYSIS

INTRODUCTION

B &S

Signal processing analysis results are presented in this section. The

2

Bragg-cell receiver model is implemented on a Hewlett Packard Integral

e

‘ ©  computer. Computer software program listings are contained in Appendix v

A of this report.

P i

Pdf analysis of the Bragg-cell receiver’s frequency parameter is 4

K performed, assuming constant and Gaussian pdf characteristics for the input
signal's IF frequency. Pdf analysis is performed for selected frequency

resolutions of the Bragg-cell receiver. Also, statistical analysis are performed

K &3 5o

:j on output pdf signals and summary results are presented.
K}

BRAGG-CELL RECEIVER MODEL RESULTS

&
w2

The Bragg-cell receiver is math modeled in the previous section.

r

B First-order model implementation is shown to be a convolution of pdf () ,;
4

and pdf (t‘lz) for the Bragg-cell receiver's output frequency pdf characteristic.

-
e e AL

;. Equation 28 is the final descriptive equation for the output frequency pdf

characteristic.

* Bragg-cell receiver signal pro~essing results are summarized in Table

Al 1. Signal processing analysis programs are presented in Appendix A. Figures

y $ through 70 contain detailed pdf plots for the Bragg-cell receiver's output &

RN S e

) frequency parameters. These plots are made for selected pdf characteristic

IS of fn, and tlz and selected Bragg-cell receiver frequency resolutions. ",-:

Table 1 defines the input signal or fu, in terms of DF1 or DF1 and

-
gy The pdf (fn_.) is assumed to be a constant if only a value for DF1 is given. 5 \

DF1 (MHz) indicates the frequency excursion of the input frequency (fu_.) ‘

L

"
&
E For a Gaussian pdf (f;p), DF1(MHz) and o,(MHz) is selected as

5

. 1.168 MHz or 4.166 MHz for Gaussian pdf's.
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The distortion signal or flz is quantified in terms of DF2 or DF2 and

dpe The pdf(tlz) is assumed to be a constant if only a value for DF2 is given.

DF2(MHz) indicates the frequency excursion of the distortion signal flz.

o For a Gaussian pdf(t]é), DF2(MHz) and az(MHz) indicates six times

sigma and standard deviation, respectively. DF2 is selected as 2, 5, 9, 15,

and 24 MHz. az(MHz) is selected as 0.333, 0.833, 1.5, 2.5 and 4.0 MHz

for Gaussian pdfs.

Bragg-cell receiver frequency resolution (MHz) is chosen to be 0.5,

1.0, 2.0 or 5.0 MHz. These frequency resolution selections are readily

expected with current Bragg-cell receiver technology.

The last three columns of Table 1 contain statistical results of the

Sigma (MHz), skew and kurtosis

Bragg-cell receiver's output frequency.

are computed for each output frequency pdf characteristic shown in Figure
5 through 70,

The pdf(f d) characteristic is a staircased trapezoidal function for pdf(tn,)
g =cmtantandpdf(r12) = constant. Figures 5 through 22 show numerous

examples of pdf(f d) characteristics for selected input signal and distortion

W signal constant pdf characteristics. Pdf(f d) is observed to significantly depart

from a constant characteristic and approach a staircased triangular

characteristic as DF2 approaches DF1.

g Figures 23 through 34 reveal output frequency pdt(fd) characteristics

with input frequency characteristics assumed to be Gaussian pdf and distortion
These pdf

signal frequency characteristics assumed to be constant pdf.

characteristics are staircased Gaussian characteristics. The pdf characteristic

departs from the Gaussian characteristics as the Bragg-cell receiver's

frequency resolution is decreased.
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Figures 23 through 34 reveal output frequency pdf(f d) characteristics
with input frequency characteristics assumed to be Gaussian pdf and distortion

signal frequency characteristics assumed to be constant pdf. These pdf

Bk . .

characteristics are staircased Gaussian characteristics. The pdf characteristic

departs from the Gaussian characteristics as the Bragg-cell receiver's )
i Lt
. frequency resolution is decreased. M
B . '(
i. Figures 35 through 52 reveal output frequency pdf(f d) characteristics ;% :}
’ LI ¢
with input frequency characteristics assumed to be constant pdf and distortion
v )
b signal frequency characteristics assumed to be Gaussian pdf. For most ;2 X
4 <N
K, example plots the long constant pdf characteristic of the input frequency o
) K \
. tends to dominate the overall pdf characteristic. The pdf characteristics =
|
‘; are approximately a staircased trapezoidal characteristic. p :
N o’
: The pdt(fd) characteristic is a staircased Gaussian function for pdf(fm) te :
p ;
! = Gaussian and pdf(flz) = Gaussian. Figures 53 through 70 show numerous »
.: examples of pdf(f d) for selected input signal and distortion signal frequency 8
’ \
k) characteristics. Pdf(f d) is observed to be close to a Gaussian characteristic z?'.' %
\. - ’ 'u
b for all DF2 and DF1 selections. For low frequency resolution in the %
. [}
;; Bragg-cell receiver, the pdf characteristic departs from a Gaussian 3'5 Ef
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N) N 1,
:. characteristic. g :
W, . :
[ o
« g3
\ )
4 )
z a2
L) ct
! 3
§ !
.-; o
1
B! -
1 32 ’
: R
R N
3
L "o ‘,'

)
OO DU b G " et 0 LY g N OO P s ) ‘ By
R L DR D O D S DA DO DO Do e s D S B DAL o e ARSI, RAUAR O "



| R B '“'l'"""""‘

1

. |
FO IN MHZ

NE1= 10.0 CONSTANT PDF FOR F2, DFF2= 2.00

n
[
)
S~
~
<
Z
<
0w
a
a
x
W
>
e
®)
w
14
.

499.749

2.964

+. 216
. 907

?

J.-.. V-
~ )
o o
< <

XHEAN=

SIGMA=

KURTOS1S= 1
7.93 I~ RESOLUTION=.S

SKEW=

BRAGG—-CEL

CONSTANT POF FOR F),

10.20 | INTEGRAL=1.033

0. 00 L\———
] 5
<¢ <t

g. 08 T—

831 X (0 PR

O



PR S e 20 " Tl et e b - R oy ‘- Y, oY g . LT S R -, 2 %5 e pugn ey A

Eoooq e ¢ 28 RS m FO S ww £ @B TE A BROWA e &7 oA o %

.
w

‘:.‘N

9"

ey

3 ZHW NI P4 ok
A

N

U n v » 3 I » S )

2 8 8 8 B 8 8 8 ® 8 8

SEE EA i St el S S B N B T 1 00°0

. . 4 €18 m, :
3

- 4 e by

- {ore - 5

8 €Y ~ 3 e

n s

[} e

F 2 Je9s v 2
> i

y B 4089 ,. s
3 0 :
: zm retortnosy ] ggor P 3

J  gg2°2 =sIsoLunn =

: (52 1+ =AINS . g
. yore ~viors | 9076 A

3 6Y2°86r =NVIHX "
; - €60 1=W493IN1 - 02 0l .
"%

(Y YR WU PO PSP S RRPRES S I Dusm Y -4 { | "

00°2 =2440 ‘234 ¥O4 J0d INVISNOD 0701 (40 ‘(4 Y04 404 INVISNOD ”..

SISATIVNY =Hdd ¥3A1333d M1 3-933Vvyd £

g aunfyj ..M

R N TTO XYY e 2rsdd weas232s  am®ess sowe=sanl R e TR T CI X R AR R S M R A S L \.F\.kmm



e W 5 S L W e e e e I i e S e I e T e Sl BAPARETOREY R NTREE  Trd s = > ; o o 3
el T mes el P | @b rr X ettt @ EEILIAI] o b i T o W ol &tk g v PRy =~ J T
e R e e D N Y e I e N 2o N e
‘v

\-.

\.

\l'a

.-v»

ZHN NI P3 ~..

b

) u W ur ~ » » ~ ”..r”
) o .

2 B B 2 8§ 8 8§ & ¢ 8 8
Ll S S r gy = -y ———1 00°0 0

4 3

N . ‘3

i et .‘n
"u

- —— 4122 5
- 10V °E U .-H.
3

- 167" ~ " 23
M ™ ?

=

- 41896 Y \‘
X -l,'

- 089 . ¢
3 &

! oM 2-ponnosay { ggor > =
SOl °2 =S1S0LUM 3

| 010°1+ =AINS . =

s ) eore ~vnars 19076 x
| - _l 006 °88Y  =NV3HX £

! €€0 "1=N3INI -] 0201 5
[

ﬁ.‘l)\l'.li-- Y S I 1 [ I [ I | -.-.I..i—»-llnl_ €E°11 ..\.
3

00°2 =2440 ‘24 ¥04 J0d INVISNOD O0°01 =140 14 304 40d INVISNOD P

-

<

SISATIVNY H0d HIAI333Y 11133-93vad

L aand§g

)
AR NCATACT Y




St V408,

-

ofoe et 9at §aT vac v o¥h ov

VTIRSA L SR, > caf nad 4V gt f7a ¥

¥

oy

Cad g Ko 82 f

AL UYL

| et W P S

- - e
i wm e ol L T e ae BN L e e S =S

PR B 5 S |

=

P - -

P - e o
%’ S LA T " i

F oo Bk B %S &R 2 € L K | AT

(3] wn N o ~ 'S 'S o~
5 8 8 g 8 8 88 ¢ 8 @&
| | e | B han 1 T i | | ]

. i
| .
" i
! |
o pif m.lza:z.x_mwz i

261 "2 =SISo1uM
L Bll - =APS 4
0S2°E =YWIIS
2E1°00S =NYWMX
» E10°t1=WHIIINI -
[ & 1 [l _ |1 1 | 1

ZHW NI P4

KX

ey

S6°S

L9°9

8L°L

0°ot

e

00°S =2440 ‘24 ¥0d4 40d INVISNOD 0°01 =140 ‘T4 ¥04 40d INVISNOD
SISATIVNY H0ad d33AI333y 1M130-93Vvyd

-

g8 a3y

v A Nt e - -

. pal At I A

Dt~y

E Ll K

L]

831 X (P IPd

LR X X

Vi T o i e e o
=

wmo 2l

A A A F

)

ool

36

EE R S -

-

Tk

B

0

ALERLARELLCL LGN AS e

AR

R

»

l"-
3
A
=
o
b
hre
=3
.4
2
A
o
-

o. c % ,l‘

L2

-

‘G'. a. 4%y,

- -




alDa sttt g gt YW gy gy 31 2t 0 0.2% %t 28 278 vl o ¥R’ “a"8 a'd at

2b

Yol
TS s

N A"\‘

Y,

(o=}
(ﬂ: T T T T T T T T T 01is
5.
>-§,. = BOS
J
5&;_ - 90S
<g
M.
L IF - 788
Qg
L
_ - 208
x s ‘
W=
au- - 00S
-]
g W2
3 (_]9_
5 Lun - 485’
(I: -
(V8
s SEY
4d4 . r 7
Zs| o5, 2% |
m - -
L!J§~ S38:z0% < v8y
08 LEEY
O* L ®2:,83 4
<z | B33i:s =
mg ] | i | B 1 _{ | ? 1 06?
© = 3 8 &8 5 B 3 8 § = 8
= 2 & N & B < @ & < d

831 X (P 3Pd

37

WU R WU WU VUK UG W R R AR AR TR I YT

Fd IN MHZ

’ - . - e L W Y W -
.La"f. n'l.,."i J'O'o"k"’n’! N 3 .. _."‘l. d‘.‘ c’l l"’l"!\ ‘;n (1 n.ig ..l ~ ~' l" ' ¢ ' """l\. ~ -'T\."xr\_ ‘"\, f %
» af *

"I WP,

SIS




e INERER TR TR LR X B AL FENAY RA R AN RARIN VA ‘ah anB Uah SullOs o) Vol aflvel T2% a8 val ¢ R . wal S o8 Caf Sab o Ly "ol Vel

5 &bk

i ¥ o N i i i t RS OIS

S.00

ol B2 Lt

o

T
1
8
n
)

= 708

r
BN X

N et
A §

a
Fd IN MHZ
y

- = 88%

Figure 10

BRAGG-CELL RECEIVER PDF ANALYSIS

lalx

f
)
a
<
&

y6v

Hla

497,276

4.160

SKEW= +1. 385

sy

XMEAN=
KURTOS1S= 2. 388
7.78 I RESDLUTION=2 MHZ
2
A

SIGHA=

osy

CONSTANT PDF FOR F1, DF1= 10.0 CONSTANT PDF FOR F2, DFF2=

11.11

A

10.0 |- INTEGRAL=1.013

8.89 -
8.67 |
5.55 |
.44 |
3.3
2.22
.11}
0.00

ey
—‘
K2z

831 X (P Pd

a

‘2

A

i3

i "j
AN Sl
!

o5

-4

N 38

Sl

l..l

t

1

1!.:‘&." A AT AR ROBGAGAGAS LA N AR R
OGO OCOUCRIDOCU RO KM RO R Yo O S P g SR S A

G LW

R e e A e



RPN [T - FURPCRIV IS . PR 3 . .
] 3 e tJ NPT UY VW U X KT YO TR K PTG IR SRS MWL W WU NNy R 6.8 8 0"y 4" Y §" CROULY KOS R IO A U R U O O U S N
v oY TG L

al S MR
L,

)

Ay ‘~

‘-.:
-
e =

9. 00
o
n

[1e]
Q
in
z
e

£
o

T YT T T T T T
S
in

. _,;1~__*.| IS W

}
o
Q
wn

R R
g 8
Fd IN MHZ
22

0
o)
<
o
5505

409, 952

3.010
+.038

KURTOS1IS~ 2. 304

7.73 - RESOLUTION=, 5 MHZ

SN U RN DU 3
8‘ ~
n
b 4 -t
LETLEES,

INTEGRAL=1. 007
XMEAN=
SIGMA=

SKEW=

BRAGG—-CELL RECEIVER PDF ANALYSIS

E R OB S R S8 e
Figure 11

CONSTANT PDF FOR Fi, DF1= 10.0 CONSTANT PDF FOR F2, DFF2=

1
m
8 @

L 4 L d

o in

831 X (P4

1. 04 ——-—— =

9.94 |
8.94 |
442 |
3.31

2.2l F

/

3Pd N

=R 'R

b S 08 Tt g 1% P 0T 870 10 g0 GGG ' A W na g - -
OO I N S S O S WO UL S ST I A T ..‘l. l'...‘. “ﬁ‘. aahly oy .‘. e \‘J’.‘ﬂ,“. O MO G A S M \.’..‘.‘". o Ny



(0 TOR PUR e O WO R

PR O O

S

AT S 1T B x N B¥ O 2RY Y W N R S s S
ZHW NI P4
wmn u ul ' ~ > F »
2 8§ 8§ € 8 B &8 &8 & 8 8§
L i S Iend R R B v | 60 0
W:_ 4o01°1
- 1 1272
- - IE’E
- 42k°?
| . 428°S
. x— 1 eo'g
B _» I 1=-NOIIN0SI g4 L
. 20% °2 =S15019nN
822°- «=AMS .
i _-. [ 228°c ~wors | 80
H 002 °00S  =NVIHX |
- - 400 "1="IVH93INI 6 °6
S [PPSR ST, N L (] L. L (1 0 11

006 =2440 °‘24 Y04 J0d INVISNOD 0°01 =740 ‘14 404 J0d INVISNOD
SISATIVNY H40d d3IAI13FIIFHE T1133-99vVHd

Z1 oandid

- s ~ - AN - - - - - C:3 ) .
. - LT LT (A KK Ik - B e e d - Bl o~ )
= T T - w e - Ta e A T S . W FEL T e INECS3C N -

831 X (P 3P4




R I P U U U NG L T U Y R I T T S oo e T ag ot P VIO TUTS P UR T VO W)
: -

)
olx

C
]

9.00

e B 28

PDF ANALYSIS

5L ey e
| I B
S22

1
a
&
Fd IN MHZ

Pigure 13

BRAGG-CELL RECEIVER

CONSTANT PDF FOR F1, DF1= 10.0 CONSTANT PDF FOR F2, DFF2=

S

o
52
.

—

I < v6y R

498, 952

4,017

+.730
KURTDSIS= 2. 442

7.73 | RESOLUTION=2 MHZ
L7

]
INTEGRAL=]. 0O7

7 257 "

SIGMA=

XHEAN=
SKENW=

91214

"'II-
P

1 1 1
N
B ~« ™

8. 63 ™
2. 21
1.10
0.00

n - (121

11.04
9.94
8.064 -

“ W
LR N 2 N

831 X (P IPd

?

B

3

:
8

[

B " 3
k

-

AR OOUC ORI S XONAOMNOHE0 DY by ” n — R - ! - i
U A U L I N A L A A A R TR O T M OOC OO e i XS T N LA n e e O/ M e M O MM MU U et G P K X



e Pl IR TR D - e e [ NP Dt 5 o T .

25 1 R OXAR O vAe B OSSO R = Tt R G

ZHW NI P4

H B & 8 B

1 ] | ! L z ]

s2s
age

SIS
g1s

- C8y
VA 4

00°0

48’
- 4 16°
1 9€°1

4 18°1

T

qLe¢e
a2

I 1=NOILNOSIY . /1€
80 °1 =SISDINNN

000°- =A3NS .
B coe', -vors ] E9E
{ | 1esor =Nvax
. €EQ°1-VHONI | 80 °F

1

U PRSI B 1 t Y M WSSO WU J— - 2

00°S =2440 ‘24 Y04 40d INVISNOD 0°G2 =140 °1d4 ¥04 40d INVISNOD
SISATIVNY 4d4dd ~mmm\/unmunu_m~u 1133 -99vyHY

¥194an

o - e N " — o D O 3 e - -
A e [CS e e e iy Sl A A s o Ty G Tl i 2 o

g§31 X (R IPd

- " Yo - 2 A
ame s 3

42

- - -
T e .

¥ M S \".‘-;'\- e 'w.' LAY
¥y S5

of

PR R RN

)

K '! |~U

g ®

! nO‘c'Q‘a'\.. W X P N,

5

=
-
.
.‘
&
-
e
&
-
.
>4
e
F d
(L
-
‘.
-
‘.
&
.
'z
.
-
(]
<
-
=
&
L3
>3
3
“.
<
'\
-,
h)
0
"3
.l
.‘
ho'®e
’.
-
N
-~
'
5
2
.‘
-~




R RN AR PR N N LR LY R .

%
j.
‘2
1
¥
S
c. r \ T : 1 1 1 1 1 1 525
" m n {
o —t {
0 & ‘- - 028
) >~ g i
8 4S8
‘ <l |
- - GIS
Z - | l |
g <& | | |
g i i
, W = = agls
¥ Q& | |
R = l
i X = . -~
iy 11 i z
I w % |
o> F doe =
- =t oy
B WS o
_ =W
B ® o L
| L 1 J
; d - ~N =2 |
f"’!' [« 4 m N ! ' v g
' 08 r E3z.%. - sy «::
3 ‘ d « i AN
EfE: Ué éﬁh'.ég :f
o f 8 =] - -
Cor Biz:i8: osv
< = = g S g
= ZERoasd
' L'D % [ 1 1 1 ] 1 1 1 | SL?
=]
k8 8 =S8 8 3 8 5 2 8 i
AN - - m m o o - - * . - el
@
, 831 X (P 34Pd 5
‘;“ e
v T
5&
) 2
ALK
(] M ':
) "
: | 43 R
Rt
@
i _-\"_;.'
ROVS
B R e e it i vt e




S

5.00

TV T TV T

Fd IN MHZ

tai

)
-
®
)
3
2
&=

5%

7.356
+, 495

KURTOSIS= §.946

3.17 |- RESOLUTION=S WHZ

SIGNA=
SKEN=

BRAGG-CELL RECEIVER PDF ANALYSISH

CONSTANT PDF FOR F1, DF1= 25.0 CONSTANT PDF FOR F2, DFF2=

.
£~
N

N

831 X (P P4

4.08 |- INTEGRAL=). 033

3.83 |

KY & &K%

la’

3
o

'*:5:'

O DO AN RN RN 2 QNI j ™ A LTI L T T TYy Try 10y o , SV Y
R TR OOD I DTN IS DN NI I N EDIRS St b o l't,'n‘. WWhe, .‘..o'?‘t'. PORNRIX M Tx NS X it N l':‘t'.sl’v.l'a. LN T LA ni':‘l':‘l‘n.“:‘



Y U M DR LA TWAT L TS A €. ) By 0 v . N .
b ROV JUVIOURN RN » VUM JY L UN SR U TN U R AR NN . T AT XTI RO

; N {

O

St

l"(

T T T T T T T ! T P4~} ‘;:0'

- ~ 025 iy

3

Y IO S

:
Fd IN MHZ

Figure 17

BRAGG—-CELL RECEIVER PDF ANALYSIS

CONSTANT PDF FOR F1, DF1= 25.0 CONSTANT PDF FOR F2, DFF2= 15.00
]

4. 43

[
——b
.
2

=y~ "7
L
Q
m
<
-
TS

489. 815
8. 471

| )
INTEGRAL=1. 01}
SIGMA=
SKEW= -.000
KURTOSIS= 2.272

3.10 | RESDLUTION=1 WHZ
&
s

XHEAN=

’ SLy !

3.99 k
3.55 +
2.66 |
2
1.77
1.33 f
.89
<44
0.00
S

831 X (P R4 :

ul

45 o

v

g '

BOMONUDN AN ( b, W) Uy WY N LY W N W LA LRy AL R W N T Ak eyt . 1

SR N R R l.s.l‘r‘\.-.l...l'!.l‘..l',.". X ...‘.'!'.l.”. R W W .! M QPO N I ) .' R'J\\ % .'\,\ ,,\“y B )"b.‘-“ Tty vf TR I\ AL P St 5‘. '
. Bl Sdbdad bl 3 g X ,. % ]



AT TOIMARX N

[3

ZHW N1 P4

8 8 &% 85 # 8 & 8 &

b
8 :
A Rl TS e haiien ' S L a0 o

"’

\—-. { 68"

% { €€t

\— 1L

% 1¢27¢
99 "¢

| _-ﬁ T o

SCI°- =A3NS .
gor'a ~viars | SS €

} [ o
R ‘ {10 t=yoaiNt -{ 66 €

“.»-.lll [ SIS WA UNURURPI SUUPEUNIUN SRS DU g i R Er°y

00 'Sl =2440 ‘24 ¥04 J0d INVISNOD ©°G2 =140 °Vd 404 0d INVISNOD

SISATIVHNY H0d H3AAIAI3Y 1V133-99VvyHg
g1 2

A A -
A A W S S A

S ASASS

e
9%

by
'™

<y

L)

LSRN

",n,"’ AN

L M My ot

46
WAV S

. h

831 X (P P

(L]

W ,t c.“.l. ' .

SOOI

-

.-‘l‘\‘l'-n AN



AR

X AN K]

x

v

AR RE

ZHA NI P

PP @),

n ul . > -~ ~ ~
g B & 5 # & 8 & 8 3
Suiheatiek Besstasaestl Rutnstensill SEnmnth R T T T T T T T ===
- T .
2 —— -
|

. i

i .

. ZHH S=NOTLO0SIY
@92 °2 =SISOLUN

. LLO"~ =AM |
i 02r°e =VWIIS
OPE 006  =NVMX

- I -] 110 1=VHI3INT -

T WU URRU NN R

NI DEUNNINY PR

NN INUIUNN SRS Fppu—

AP
ALY

00 ‘0
4

68°

€EE "l
Lt
cc'e
g9 °¢
ol'e
GS'E
66 '€

Er-y

00°SE =2430 ‘24 Y04 40d INVISHOD 0°62 =140 ‘14 ¥0J 404 INVISNOD
SISAIVNY =HOd d3AIA33Y 11130-99vyd

61 °2and1y

-

831 X (P Pd

o

T
o PP A
QLS 9

-~ .
“[

47

S LK

N .
-
(A5
.
r
']

aj
~

o A

AT

Y
.. N

1\

NP AN N

Mo

»

~ A

&

T o

oA

5

A R

"ﬁ{"y‘y.,‘u-\,‘.

»

o bty

VI “.l 'l l- l.’.,




IR~y

s.p 22y

i
]
|
bl el

5SS

=
S
N -
N -
% 0 & R
0 >e [ - 02s R
'i:g -J = '
& < §
W > o - glg
. <z
B e & .
el ww - QIs v )
I Qs "3
o 8-
,‘:l 0- o E
i m E = -“ Sas ~N X i
™ Lond - 3
i g ~ =
E:, >3 L - gos = ;.':
" = — ]
i S w< <
e 0y L csp o -
Y gﬂ LU 1 7 ,_!
B = ¥ - «
W &
K - < 08 5
¥ - . o
K 4z y N
© o=
LL' Q = ; - %!
& OF F 838sx7 il 2
u I 79358 "
,‘:. O E 2‘ - ﬂ :
O~} 821,82 - o8v v
" < z .;‘ e 3 g & g bt
¥ = _=x0nHx
w.' m g [ 1 1 1 1 1 { { 1 SL? %
) (=] \
0 “d 8§ B 8 8 & R & 8 < 8
:':o « ® ™M ®m &N N @ = e S >
'. h
] 831 X (P3) 3Pd =
'.. .
o &)
§
R E ) X
7 *
'::: | 48 "~
p X
..:‘
0 .’!

1 ) " N 3
’<‘C.-l'!.t'...\'!.l.-’c"‘t'. RN AN o nl‘.‘-‘. "“. e wd %8 ‘ > \

SLLNALE, TR cadht

I L g R L R W] o LI T S S R (" a2t s
'. ‘ " -F ..J‘\ - ."-\ Y " 'f.' R AL '-‘f g '}‘ ol X '.{




NG,

NN

.

N A ) A AT

.i
\

o

O,

PR MO

Wy T W e

P = I“&Q—l 5 -~ “.\.\ & .”2-..“-”-..2?\8. ffﬁ&h.lfﬂ sfh.uﬁ-f.ﬂb .\\b ‘ 3
U
[4
ZHW NI P
v n wn 1) n ul ~ ~ » s ~ 3
o B mw o s 8 & 8 e 3 o
.1
I 1) ] 1 ! LI ) ! T 00°0 5
KA .
-188°
. Nmo— )
it
. LL°l A
N A
a.
412¢ v
>
4692 ..
m
om 2=noiinws Jgog P
96€ "2 =SISO14NH :
960+  =AINS ) :
20001 ~vwots | ESE :
G6G 668y =NVIHX
| 200 °1=¥NNIl  L6°E S
>
L 1 L 1 1 1 v 1 ) 2rr .
00 '¥2 =2430 ‘24 404 40d INVISNOD 0°G2 =140 ‘14 404 40d INVISNOD ;
SISATIVNY HUOd d3AT13A33¥ 11130-99vyg
12 234
e & OB AR R OELE T S, AL A L M ERA A X e Ay o3a L

~

W% )



g

RN AN R AR Y

UK

v

L)

-

s L RO’ e AT

ZHW NI

- .-

P

1

2 S=NOIINOS
68E "2 =S1SOLUN
920°+ =A3NS
966°6 =VHIIS
8L6°66 =NV3IHX
£00 *1="TVHI3INI

1 ]

,,,,,,,,,,

A0

CE’l

LLt

| P

69 ¢

60 't

ES°E

L6°E

cr’y

00 °v2 =2440 ‘24 ¥04 40d INVISNOD 0°S2 =140 ‘14 ¥0J 40d INVISNOD

SISATIVNY H0d d3IAI13D3Y 1133-99vyg
3¢ 2andig

831 X (Pd IPd

50

Pl

,

T

;.'v

N

~m
Bl )

S ey - e -
\f.'_s‘ NACs

N

"-f\

At A
PSP,

e

P 1% T
-.P.

NPy \:,,a.‘

LY

o .Q ',

e W Sy

oy

"‘

N

Xl

PN

g

X
Ol WX X




T TN P LWL I I VL WL T W PO TN UM YA PON WOM POR OB TR PO LI T TUI R AR ™™

8 ) 3 ) i 1 Uts
m(\i Ll i 1 i
; et
)‘ 0 - s0s
l-
; 4
Sdt 90S
j <g :
Lé% ~ 1481 :
Q= | o
z v =208 -
- ¥ 5 =z A
: w3 = b
(M
25T 1% 2
,. 2 We -
§fdg'_ .- 86y L RN
50
: =l
)
’ = S6Y
- : ~
ks g gf
' €| Zog.ow - v6v
TE 38iES
ce | 3,04t
Q . &2%.8 < 287
<z | 233%:3
j DG e ™
Usg%g’:mh—-o—qq “\,.;
' d § § £ 8 & g & 8 & 8 et
831 X (P 3P< P

Ay -1ty L "“,"?‘“’{‘V.l’ BS P IR I R AN s g P AR
VT R N I A R AR Y

5 [ W Tl d O L2 Wy I Ly Mb
R G T 00T N Aah o oS0 gl e £t 0,1 002 A XN WA N




RSl AR

XN KN L)

URFAT IR AT UC R UNVIA WA R

LN )

o

o o

-

Bx 04 5

-

P

(PR RN
% Y Y "

-,

(e Ko adiog

“ma s e -
P A 2,

-

L2 s

% R R4 OB O NF4M1I oS AT L R ¥ XA A
ZHW NI P4
wn wm wn wn ul un | »H » L »
o & & S 0 e @ o b o 8
T | T | T 1 T T 000
: 4562
B 401°S
- 4roL
i 4 61 0¢
" SEZAcd
" .% 62 'St
" i 1=NOLINOSTH -} €8 °L1
v °2 =SISOLUNN
9go ‘s  =AINS )
- et -wiots | BE0C
Ly6 68y =NVIHX
" 1€0 1=wH93INI -| €6 °22
2 1 I ) 1 | 1 L 1 8y 'se
00°2 =2440 ‘24 ¥04 J0d INVISNOD 0°01 =140 ‘14 ¥04 30d NVISSAVI

SISATIVNY H40d d3A1303d 1130-99vyy

Y

LT e e

vz dandid

accw

- Pt s -

B

N - e

831 X (P& 3Pd

52

B X W)

-

D‘.. .0.‘4

-

N
LX)

S ) oM e \ X

N LN
A

.
..0‘. LN A

-
XLl ¢

W

e e

2N N Y
.Dv

ANLAM A

e T



T T TR U U VU U S TR I TSR P A P TR W T L W N O TR PR MR WU WU WU WU U O TIR TOR WA T e

=
mf\‘l 1 I‘* 1 RE 1y : R i \ DIS
; o
NS < 805
. &
: -
| st _ dsos
r -
L %= I - v0S
‘ ces |
h Q'E i
=r =208
¥ o !
g , T
] w3 ! =
: > {005 =
Qe
3 o
gaef - 88¢% L
: S L
4] [
d 25 F = g8y
Jd = N
W™ -2 I=
D8 Z4fzay | rer
. ™ L¥=e¢&hS
: Qf | Ey:,83 1 289
<z | Egigs}
; CK-Q-,; -xmgx#
N m§ L 2 L 1 ! e J RN 514
s 3 8 8 &8 2 2 3 2 B 8
{ ¢ § § 58 8 g 4 o8
831 X (B P4
]
; 53
v!':o"

3 P % ’ - L] » - - - - - - - L] - - - ..
1T P e e R T T T L S S g M T s Y Wt



= - e - - o e - e .
. A= - i - = 8 R - ey
- 1Vt g

w1 w8 oG RRR MBS ESE KX: SR RS Z

ZHW NI P4

00 °0

16°1

¢8°€t

o,

€EL’S

.
2 4 X

va°L

»
."

GS 6

X (P 2Pd

SEAN

gr il

831

2 S =NOLINSIY  BE “E
€1L°2 =SISO1UN
900°- =AMS
802°2 =YWIIS
9€0°00S =NVIMX
110 "1=WHI3NI 0e°Ll

A

L34

6¢ 'Sl

’

"N

i | 1 1 1 ] 1 ] ] . | ——.@—

00°S =2440 ‘24 ¥04 J0d INVISNOD  O°O1 =140 ‘14 404 404 NVISSNVI

SISATIVNY H40d d3IAT1303d 7133 -99vyd
9z aand)]




R P U M R W S I T R U R T TR I N O AR U UYL U SEe e g0 60 aN, ata atubmb tak. ¥

?.
()
= "l"!
=] elll.l"
. T - T T T g1s 2
) mm ke R L i 1
“ -
(ﬂ‘u\'__ - 80S
o >‘é
W . )
ot a0s
1]
b < &
[ hreg
u- e ‘705
0: D§
E) &_
mg- 4208
; w2 | =
> L - Q0S =
N guHJo -
) . ©
s0St 88y W&
i 1
jé_' ~ - 867
h ~
W -§_ =
& P~ 2aS8a - V4-14
ST BN
3 Oé é N'oé:
O L S2L.82 <4 267
<z | 2333&3
“ ma Zxn8sd
X m% 1 7 | 1 ) 5§ 1 ] 14
1 5= 3 8 8 ¢ 8 3 2 ¥ 5 8
; d & 88 2 @ & & & 2 8
\ 831 X (P 3Pd
&
i
) 55
e
0 BN

B R e e R M J T e S T e s i e



- . N o - g > o - — I -
-~ - -~ - - - s - ot P ) ap a3

77 R MY 2R & =H & KT S The £000 Res RWY

ZHA NI Pd

00°0

ats
- 80&
= 380s
- vCs
= 208
= 0Cs
- 887
=~ 38Y

14-14
- 26%

Qsy

- {1671

L 4 C8°€
- ] 4 EL'S
| 4 v9°¢

n 4 66°6

- 4 9r°11

1

UM Z2-NO1INOoS3Y
Y02 ~SISO19M
€20+ =RAIMS

B 1022 =VHIIS
600 "00S =NVIHX
|- 110 "1=WH23INT 4 02 "L1

8E €l

-1 62 S\

[ 1 1 1 1 1 1 [ A —— .m—

00°S =2440 °‘2J ¥04 304 INVISNOD 0°0tf =140 ‘14 ¥0d4 J0d NVISSNVI
SISATIVNY HOd d3IAITI3Y 11133-99Vad
8z oandia

831 X (P4 IPRd

S
e e M

ey

PRy

- 0.90 M "- -?i‘.

)

oA

LN

Al !

r
»

=
o

»

oy

AN
()

c"‘c!l » l‘.‘l n"‘v ()

!
s ¥

".".’A‘!‘A".‘u'!’h".‘i’. l‘!'l':’.’:‘!’: l'-‘!’-‘l’o.l.

AN




SULELN TR DR i B TART WV V.2 VAT WAL TATIEY U Wo ST, WL S

DFF2= 15.00

CONSTANT POF FOR F2,

Fd IN MHZ

[~
=
®
-
=
o
Roe

n
n
>
-
<
Z
<
L
Q
@
14
W
>
w
Q
w
14
-
-
W
(.I.J
Q
O
<
X
@

8. 026
~. 001
KURTOSIS= 2. 624

499, 999
4.76 I RESOLUTION=1 MHZ

INTEGRAL=1. 0B
XMEAN=

SIGHA=
SKEN=

GAUSSIAN PDF FOR F1, DF1= 25.0

6.13 |
5. ‘5 o
4.08 |-

831 X (P P4

— S . . ) - .
SRR O ot ot O Y ALY u.t'h.'. f'\'"‘r XX o Aak',“ hes .‘l .1 .'lo‘k LA -\.’0 AT >




G gV e al tal N o Nal b

[

Y

*

AR LU TCTLN TLA

WA WU AW

,

W ¥

e

oo ettty

e -

R AR A S NN e e - R Car - e b ) P R R

wn un wn wn wn N o H o o~ ™
n N - - (@] (@] (0] n [v1] @ ~J
tn O [15,] o w [m ) (%] (@] n (@] wn
| T i | ] ¥ | ] | ] ]
- -
i i
- y
- -
N

00°S1 =2440 ‘24 ¥04 dJ0d INVISNOD

ZHA NI P4

ad o

2 2=NO1IN0S3Y
G29°2 =SISOLUNN
800°- =A3INS

920°9 =VN3IS |
110°00S  =NVIMX

800 *1=WHIIINT

| | 1 1 1 | [ 1 1

g€ "1

Y02

eLe

(1] 2

a0y

9Ly

Sr s

EL’9

i6 "9

SISATIVNY H0d 33IAI3IIDIY 11133-99vVH4
ot 231

0°G2 =140 ‘14 ¥04 40d NVISSNVI

s PEE TP BB o 28 & &L s TREORSS B XY

831 X (P IPd

- -
o S e e

58

p R -y
T .

-
»
.

Ly

)

* .-.“. "‘.\'. s .(..;‘.

A

o

Wl S Tl Ll L L

gt

ANV

'

o

b _q‘?ll...h '," .n‘.l ?0. l\ "‘ »

TR
.

!

W o
SN A

.



g XAR - ; S "
XA TN Vud Bp 08" 9,400 69" 0 008 60 6. a0 9.0 0. 04 '8 8% e ey — . "
v d 84, y <. - 8 ot ath LV

v
T T T T T T T =4 ::t:!::;gf
" oo

< 02S =y

L <4 SIS fl!

~ - 018 R
. :“um

~ - SOS

CONSTANT POF FOR F2, DFF2= 15.00

B = Q0s

I".l'!
B - S8y -

Fd IN MHZ

Figure 31

BRAGG~-CELL RECEIVER PDF ANALYSIS

- 4 o8v o,

S8y :::i;c’
e
il

LY

480, 906
6. 022

+. 000

KURTOSIS= 2.617

INTEGRAL=). 008
SIGMA=
SKEW=
4.76  RESOLUTION=S WHZ
L

XMEAN=

SL7

GAUSSIAN PDF FOR Fi, DFl= 25.0

6. 81
6.13 }
5.45 |
4.08 }
3.40 |
2.72 |
2.04 |
1.36
.68 |-
0. 00
son
2

v
5“‘\

831 X (P 3IPd

&

ot
o,

%

%
5

59 0

W RO C AT A . . ..
; ; KX 5600000 MU, MR - o y - -y - . . - . >
PO el . Y ¥ o N IO e M e e M e N ..' 'p "." [N \ ATRN ~f‘_ﬂ.-\$~r~$\'{._’5'



.....

ZHA NI

P4

;

A O S Y

< s8v
oay

SLY

wn wn wn u wn Y,
N n e band O m
um a wn o wm

!

f ] 1 | !

< Qv

[ 1

W 1=NOTINT0S3Y
L2€ 2 =S1SO1UM
000°- =AIIS
K218 =VHOIS
866 °66Y  =NV3HX
Y00 “1=VHIIINI

1 1

00 '¥Z =2430 ‘24 ¥0d4 J0d INVISNOD

it

[y JR L) v W N, - e e e

32

0°6c =140

oo KAy A

a3 . S N

L2

X8

o B

00°0

gr°

16°

el

4

8c°¢

€L¢C

61°E

19°E

oty

SG°y

‘13 Y04 30d NVISSAVI
SISATIVNY 4HOd d3IAI333Y 1133-939vyg
Z¢ a3y

e e s i

IR R L/

831 X (P 2Rd

R K R

x

- el

T

60

- W e

o

NP ORI Ve Yy

W o \q
Nl 1)

-, wm”
-
ol

AN )
.

)

R A S IA e S PN SO BN

>y
2E S

. 0 ! . g A A .
.l','u‘,'\t PO ORI U .\._ . .,} ‘,’.‘

X



PR

T

mhﬁJWM.M ok n.owu... Xx .“Wm,rcﬂxcmmm; Wuvw,. ﬁw.“m % o EEIIELId o XA ok éMM.-M 7 o ST .ﬁcuu.,n.nlt.ﬂc.ﬂ.utﬂ LT T SR
S WSt Ml 0 o S AT .W.,...,. 2 bt Sy O prtanr Oty St S vn S
, o - Ll - 2 T 2 3% I} 55 5. w
by « 1
3 %
b ‘3
3 ZHW NI P4 m..
p ..u
: wn wn " u wn wn ' » » o~ ~ o
: [AY) N - - 0 (@] i n m [11] ~ T
2 U o U o (i (& (1 o o o i z
- il 3] ) T 1 T T L{ 00°0 .w.-
u - .””!v
- 19 g
A
H I 116" ..\.,
= . “ %3
3 - 12871 o - =
” o} :
= - n QN -N it o
P < o
V, T - mh cN —— N,..
- 3 .,M
3 i 2w z=vonnws Jgre © A
: L2€ 2 =S1SOLUM o
: €00°s =~AINS . 2
: - vzi'a =vors | Y9E 24
: 606 '66) =NVIMX ps
: - Y00 " 1=Y3INI - OF°F .
: =3
w 1 | | . | | 1 1 ] 1 mm -' e
. 00 °¥2 =2440 ‘24 404 Jud INVISNOD 0°G2 =140 ‘14 304 J0d NVISSAVI
p SISATIVNY H0d d3IA1333d 133 -99vyH8

¢ 2andid

. w
L l'!.\‘,‘l.:‘l ,‘.0,‘\'!'.0?\035‘0_

SN NSNS



v lata et Ra®

- g o - - PR 9 WEEETRSEEWW WY

er BB 2P PRR 40 sen: OVH SsY MY AT EES ) s 2% X W v
>

Y

o

7

o

v

ZHHW N1 P4 <

K

P4

LY
gow @ oo 4 w4 & 5 & & § 3
n o wn (a 0 O ] (=) n () w I
T | 1 1 1 1 1 T 00°0 _n\‘

- {or %
i

- - {16 5
&
- 11 ¢
:

o d

- {de2e v e
. > %
4 ELZ mu Mm

o) \
- A M Ss=N011nW0s3¥ J{ 61 °E N
126 °2 =SISO1N 5
. : 000"+ =R3INS . ‘
- 221 -ws | 19°E ;
866 °660 =NVIHX el
= Y00 "I=TIVH93INT - O Y K&
e

0 1 1 1 1 1 f 1 L cS°y j

00°¥2 =2440 ‘24 Y04 404 INVISNOD 0°GZ =140 ‘14 Y04 J0d NVISSNVI
SISATIVNY Had 43IA13338 711133-99VyH

e o g

Pd
w A
-
2
i
v
£
=
Cd
.

e
X)

VP

‘fh‘?n

g Pt
- - E a3t o o



: e el e . ’ E - ae ..

% ol W A e, AR

7 SCRLz s @0r R e el
N .

by
.

L )
\h\ﬂ.uﬂ\kﬁnﬂ SRR AR AT -..-.n-ﬁ.--”) . &,- EAL

-
»
WY

L IS

1 ;
3 K
: ZHA NI P4 2
z wm n w ut W w ~ ~ ~ ~ ~ [
; - O [} @) [ o © (] o 0 7} 23
(o) w (8 )] ~ N (@) m n o n o . ¥

T ‘ | . 1 i T T 00°0 A

; - o011 i
; %
; - {612 2
; - {62 7.
Q 4

.. - {6er ~ 3
; ] Ky 3 2
. - {eors © %3
; > 55
x - 7 8s9 . ..o-.
: = 4
5 - Am c-noumosn {90, P DY
5 1€8°1 =S1SOLUNN 2
; . €00+ =AIS <
3 i ci6-z -vhors | LL 8 %
5 H €96 '6BF  =NVIHX b
3 - ‘ 66" =WHI3INL | L8 6 3
” ] 1 [ ] ] | (] [ | [ 4 mm \cq M
R 00°2 =2440 ‘24 ¥03 404 NVISSVI 0°0f =(40 °1d ¥04 J0d INVISNOD w
: SISATIVNY 4H4d MIAITIIIY 11133-99vud o
e cg 2and1 __.h..
: % =



: ZWW NI P4

: moow o4 w4 o4 & B 5§ &

. 5 § 8 € 8 8 8 8 g B 8

K r L T | | 1 L ¥ OO Q

- 4011 2

: 2

g - 4 61°¢ \..‘

3 i

E - 162€ A
& o

- - -{ 6€ .V -~ M ‘.-u

" n e

3 a e

3 - 468rs v -
<

z - 4659 .

z m

: : am =noumos J 90 ©

E 260 2 =S1S01uMt

; . Y21 T+ =ANS .

2 i 1c2'€ =wors | &L 78

2 L0G°86Y  =NVIMX

p " _ ' 866° =WHI3INI - LB°6

”A 1 1 1 1 1 [ [ | 1 1 @m .O—

; : 00°2 =2440 ‘24 404 404 NVISSAVD 001 =140 ‘14 ¥04 4Qd INVISNOD

S SISATIVNY H0d dH3IAITI3I03d T133-99vy4

K g¢ aand

L L el Pcrny B s T~ ke - o - W * 3 . e -
e ikl At gl - - * 22 BB o 3y mac o TR £A e e e RN X I IOt D




IPRITEIR TR X RO RN TORTON TOC O O TR

TR AR T Rl

N

g < e -~

i RTINS Py o N

X, \'!.%-l '@ y OOM. i » .»-\)&W\.ﬂ» ...NJ\J- ® e
X ﬁm...n.w..ﬁ.....

R AP

7
1
F\J\\\\sn--

f.

o

[N A 4

£ IR

sy
b,
AT TR Y

ZHW NI P4

wn wn wn wn un (4] I | H» » »
s 28 g 9 Q9 8 8 & » B 8
— 1 _ 1 1 N LI -1 U T | 00°0
- 4001
o 4 61°¢
- 41 62°€
" -1 6€E°Y
F 4 8r’s
R 165°9
f I 2=NOTINT0S3Y § /9°L
=S1SO1 9
=RINS .
- l<xﬂ-m 1 Nu“ a
=NYIHX
- 866 ° =WHI3IINI - L8°6
' L 1 1 ] 1 1 2 1 96 ‘0t

00°2 =2d440 ‘24 Y04 40d NVISSAVI 00t =140 °14 304 30d INVISNOD
SISATIVNY HOd 33A1303d 1130 -99vH8
LE a4

L4

b

831 X (P P4

65

Pl A PLr
RN

LR Y

£

: . _-\.—x”.«"-\r\w AR R AT SN LIACSEN) ‘-"'U'

L 4

",I.“.‘.Q.“lt‘ l‘;l "\J'f“'\LV.‘lﬁ ‘ :‘- -.*‘. " . )

Wt N by



LS LTI

TP

(YRS T

-

R e - e N R e R T [T CTERT R Dfolorar ey

1 edd d ¢ &S BN SRS i Zd BE O] R B aEs A AW RN AT ek IS

Bty

L SRR RGNS

n

ZHW NI P4

-

»

ety O 0.0'.

wm wn n wmn un | o > I L

L~ m. 0 O Q) (@] o (4] o n 0

(=) o o » n O m o] s N (&) . s
T ¥ P I v Rt § 1 T 00°0 ;

1
=

4 62°€

66

4 6E°Y

-
P
-
'..
R
3
-
-
O
-
-
-
]
o
A
-
-
v
-
b
-
e

4 er’s

4165°9

831 X (P4 3Pd

2.5 =N1IN0SH | /g7,
£L6°1 =SISOIUM

P00°- =ADS |
210° ~VHOIS
100 °00S  =NVIWX

866° =W93INI -| LB°6

LL'8

. ' 1 1 ) 1 . . L g6 "01

00°C =2440 ‘24 ¥04 J0d NVISSAVI 0°01 =130 ‘14 404 30d INVISNOD

SISATIVNY HOd d3IA1333H 7133-99vag
8¢ 2an3)a

OGSO SRR N A A MM e

. s y
A AR RO

¥

NSRS - pw o wn v oG - e S S A - g & %5 81 prnyy g3 g a . -
. 1! A R - - 3 3, - o - N - ) v ———y .
- - - - - £ X SIC I -, PSS ) A N Y L - e T - - - - .,




PSR RN LR AT O NV U VU R NNV AN TR TR K WU R VWU T

(=]
Q- T T T -1 T T T T -
N n
]
8 ]
;gL i
<g
de
Www l ' -
Qg
L >
=L i
¥ «
i
> S .
2o
» 0 S
aw, [ .
T [ S—
] g ]
-JI& [~ ] mN
' 08| g3.,5% ]
I . Q.--l
; ba| 3738
; 0L &g1,85 .
<z | 233288
x = ZExnEs
mg ) S 1 1 1 | i 1 1 | I
58 5 R 5 8 @ 8 8 2 2 8
S & & N & ¥ < @ & = o

- - - -
N AN ’t.l‘;.l‘u. U AL LAY

[P S BT BN LT LN B RS '\ F-l'{ﬂlu- P &
NN A 2. B0y 1Y Wy Wiy -

831 X (P IPd

67

(R M AC R ™ o N M N U g X N

Qts

80S

S0s

v0S

20s

ags

86y

SBY

1414

414

Qsv

Fd IN MHZ

A T A

MNENLN AR




RENERENK o AR

A IR TCI AN K

.\.“
%
T.
ZHW NI P4 S
\'
wn wn wn wn wn wn » S » »n o .-l.m
- [} D o (@] (@] [Te} [(e] w (T4 %

(=) m [0)] » [\ (@] [04] (0] ~ N . :
T T T T ' T 1 ¥ 00°0 S
. i
- 4 01°} s
| %
. 7
181°¢ E
i %
- {62 o
a =
- & w‘
B . Qﬂ ' P “ K,
iy :
o 4
- 48rs v >
> o
- {es9 . £
m %
. am z-vonnosn J 97 @ z
650°2 =SISOLUNN :

YOS s =AIS )

i cco'e ~vwors | LL78

CIy °66Y =NVIHX

- T 866° =WY¥I3INl | LB °6

| 1 t ] 1 | j | 1 1 Qm .Q—

00°S =2440 ‘23 ¥0J J0d NVISSAVD 0°01 =140 °14 ¥04 J0d INVISNOD

SISATIVNY H0d ¥3AI3338 11133-993vyd
ov 2an3dy4

3
)
o
2
o
Ld
e
<
~
o
-
3
(d
oy
-
5
-l
Ca
L3
3
-
<
- »
-~
=
=
A
x
-
i
.4‘

it

3
LY

o
k] \
AN

PR e S —— T ~ N i ,.‘ . . v
L e e o T e A B S smr e s PO T e s (T e e A RN T



T W RN ) i LR ek Vs wsh aba o 2B Ul aB Cay Sah dpd P2l 7. S oalt €of gk sal Vol & O U BT AT RN R UCT VO TR IR Y IR wab b Sof ogh v

SR

- =)
S Q1S
P N o
i Hn
* ()fl-m_ 80S
, > &
| Sof g0s
R (g
: Lo »05
K) Dé
N &z
= - o S :
# Qﬁg = W
X W2 = o
| >3 - s = 3
Ths <
?»Lu-" BSY L
, = i)
& © 3
< o7 SEy
2] g, s
L S a0
L"§P slg'ﬁga;-' vev
" Q& é'd’.ég
N 0% L nl.§'5 259
<"'z' wig:.—g
F ¥ =< gg;ggg
) mg ) 1 1 ___} 1 ] 1 1 i 057
S ~ N M © O O o o o o
! g 0 8 ~ & 1B w ® N = o
. 831 X (P P4
I
i
: 69

S S ) ! = OO ~y MR R T T T T i I i N N T P A A W
‘.'\‘-'%‘.’i‘-'g“‘!l.‘i’u ,.o‘d‘c.l.u ,o‘ A8 e ,.'G.|.0.0~,| A 008 X 2o e .l. h ' AT RS A .,*.?\.r . A. alln e Lo " oy '* . *o sy "" ""



* NpY tat Fptavaatg an

“gai gy

RN RN NV

PRI Y, O

s .. - e " - e PO — . .
P G ) -~ R S - =4 i - -

s 2B S T OME AT 4@ €7D KR OTER &R r SR oaxm 271 B T

<
»

‘5
~d
S
by
o
Id

-
.
Lx
*
r &
;
‘I-‘

ZHW NI P4

r

VL.

Ul ] w ] wn un P~ o~ M~ H H A
v @) ) o 9] @] 0 o o q © ]
() [0 [4)] [N Ny (@] an m » O . Ly

1 1 1 R ) f v [ 1 00°0 n

_ 3

- | o1 %

- ‘ 1 6172 2

Z

- 1 62°€ v 2
: deer 2 o ;
N -

Q. >3

- 46rs¢ v =

> s

- 4659 ,. =
m 5

am 1=popinosa J 9 P 3

5 | . (8°L =
192°2 =S1SOLNN -
. ao0°- =A3INS . :

i 1 cc2'e =viols | 8 3

R 168° =W¥I3IINI -] LB°6
(] | . 1 1 1 1 L 1 1 Om .Q—

00°6 =2440 ‘24 ¥04 40d NvISSNVI 0°01 =140 ‘I4 304 404 INVISNOD b=
SISATIVNY H0d d3IAI3I33H 1303 -99vHd !

¥y aandiz .

3

P IS -> D o X S RDCOC RS o ek g Ko Lo R 00000 52 xS S S 5 S0l B ST o OICRA CaCG: gy EROSRSIch g, b .cm.



T T O R R R PO YO TS PO PO PO M P TR W W Y L WL N LY O U TRy O AT U UL AR

(=]
m: T y T T T T T -r T 018§
]
0L 4 80S
> & |
8
< W
- 4 908
E: :::"‘,n""
(o] » i}
[
%t&.' | -7 v0s
G
Tz 208
¥ a o
WS =
2"' 4008 =
Swe
S , o
55“' ' -4 88¥ (e
o n
mﬂﬁ:
- gst
J .- -
x 58, o2X
‘T’EL sgﬁga‘}' 1 767
(jé _.l‘do'c,)-s-
Q. N o>
25 BEzzis 287
¥ = z¥-33 8
m% L 1 ] 1 1 1 1 [ B 05Y
g 5 R 5 B 2 8 8] 2 2 8
S d & N & B & & o < o

831 X (P 3Pd

71

X
. ( : ‘ o W P At I I P AR AR U N et R SV O g AU A A A A Ly
W A Pt A A R Y A O R S R A A NI S MR AR A CA A

AP o WA W PN L OA g [ Lt L o e



TR

0,00 Yok 2§ ‘g

AR RART AR R N AR

0 ¥pl

i

RO RA R

vab. a8 dad Vab 1al

P ~vyere e s s B Ry R PR s Mooty S s s B SESECL

. A . B . . -
g ovsm § 2 EW RY O RS 5§ W3 48 R T T B R - IR VR

%

...”..

“

5

ZHW NI P4

2

w w o o@m o owow o4 5 B & & 3
n o n O ] o ] o n
1  ; 1 1 1 T 1 1 00°0

" T ..
- - QQ- -..-
3

- {e€t %
- 461 A o .
= 461¢ v
B > 7

- 4€9°¢ .. &
3 ..l

w o

. s 1=No1In SN . /0°€ P
1€8°1 =SISOLUM =3

. 000°- =AIS . :,
- gsz'e ~wois | 1SE .
|\—\ 016 °66Y =NVIMX .

- 966 ° =WHI3INI - S6°E v
1 (] [ 1 [ ] 1 ] ] i Qm -' ”h”.

00°S =430 ‘24 ¥04 dJad NVISSNVY 0°62 =140 ‘14 ¥04 J0d INVISNGD =
SISATIVYNY d4ad MIANITT3Y 1130 —-99va8 ,.,.m
vb 2and g u.

pe

s

£



TP R R R TR R U T U N Ny MU PO RU AR TR N RN O OV RO IO O AN R U OV U U N U UV NI N

(=]
m: H |8 b R i 11 i v 1 SZS
- 2
Qm ~ 4 gzs
&
<N' ,
So b 3 sis o
: <% 4————1 ":I."“:"
) reg * ;
W [ qo18 N
Qg
L =
= r - 50S ~
¥ o -
w2 =
> S dos =
bt p—
wn Q
20 o
wm L. ~ SBY .
: =0 o
'! Sk 05
J [ ] ) .
aZ l ]
| U o §g 3 L
P f3dsly 15
D Ua é h‘.J’§
¢ C. T} -
S E33zSz 1 o8
, r2| ZEZESE
m% ] =L 1 i | 1 1 — ] 547
“ c82 8 5 5 8 2 L o 8 3 8
:. ~ ® @8 @& & & = = ° ° @&
831 X (B P4
)
3 73

; ¥ CINNA L v T T A Aty 5 K NSNS SR
"’n'\.a".o".t"’o“!o".o'ét".c'h‘i.t5\". 0".0 WL NN ,\Af. UM N W W X o ‘I.J'.lﬂ. » MY vl o HY, \ WA



B

e

8 TR TR K

“ da® .0 _Eab o Gy

s

R R B < T = = B T v R A COC T

ZHW N1 P4

(4] [V n (1] wn wn S ~ [ ' >
> 8 o o * 8 a 8 a 3 o
| 1 T R i T B T | 00°0
o 4mn
. 4168°
- 4 ¢€"1
- 1 5¢ 1
- 4 61°¢
- 41 €9°¢
= 1M S=NOLINOSN | [0 °E
’ =S1S018M
«ADS
; Beiend T3>
=NVIMX
- . —_— 866 ° =TV¥93INI | S6°E
1 1 ) ' | 1 1 1 1 6€°F

00°S =240 ‘24 ¥04 i0d NVISSNVY 0°Ge =140 ‘14 ¥04 J0d INVISNOD
SISATIVNY HJ0d d3AI 3733y 111303-99vyg
9y 9andj4

_...-“

831 X (P4 IPd

e - - s . - oy T e - b g e - -— — ey 3 s i
Pl ) i PRCRC ) - ‘.".” " @ - - » T "ar 1% 2 NS
=% R N o L P R S AN VAL o @SN, @l

uv- \- -i.

A

74

g

L}

.\
DY

AT A

-
-
.

ool

o

-(‘h‘. RTINS

ENLN
Wy,

»
S
W By

N A

A L] - > .
Lt )

5

W

LA 3 '-*'-.’r'.,.

S

LN J ‘.*' l.,

"y
i Vet

R

e

"
LA A

B



+ 4 6a% 1o’ la' 0aTatstatat 0a°
R T O N U U P R U WU WU N WU U TP T T T T T T W VN WO P WO W WU W W . W Sat (a0 tat fe' $a® b '.';."

’
ci\ '-

t

K3

Y \
B3
ha
BN ¢ty
.:».": ,
]
PR,
SO
.ﬁ I'::‘
! %
c 13
"o ———— - el
Tp) : _ .

_— TN
(n 1 02 -"\_':
N e - S
> & r S o
ey AN,
<= RN
( H d J\!‘)

N - C7
Z - €S o
< = ‘t\;“\“
- £
wLe [ T pols % .)\_ :
O E -'..\'-F :
0— = .-'?2'}
=L 4805 Y
-“n\ »
x g = 'n.
LLI 2 = oy |.0ﬁ
>3 L < gos - & %
(] S— Al
Sye oL
™ : w e
A €t gy - 2
> X
"
- 14
Jd . 8]
- © ==
8% . g3¢g 85 S8y o
| frel . g R é &‘ﬁ:
u e~ o8 oy
Oa - I = a
(-8 = i Septety
Q . S21.832 -4 o8y TAEN
| e PSS
W < 5 »m - a
< =z TEFL
X = RSl -
m % L__-.‘ L 1 1 1] 1 1 | 1 SLV
-— - (=]
S 8 5 5 8 2 @ 8§ 8 < 8
S @ @ o6 & & < = s

831 X (P 3Pd

75

-

OO0 AT ST P T TR M
",0,0,0,00, 2N 00 00 80 GOR e S M LT U SN RS,

. T NP o ™ - L RS TR T ae SRS

. r . A »
MR OTANN ‘.‘.. U e U o M O LA Lt G Sy




. ﬁ . - - )1 - — —————e - - —wT W R ¥ X FOERF R E_A JaTAh KNy W S m o w em—— - - -
E A B =5 BN - 3 T Sy AR 4 X SR S ol B T <X ' e P A
: PRy Ay o A [ “-p P.r‘" IR ) -‘ vo\.\-. ﬂ\- vli»nl’lm m‘ “;
‘ ZHW NI P4 7
. .....,
3 ) n ) un Uy uy 7 s » &o 5 5
; ] o tn O t O (@) wm O t . >
% T 1 T L 1 J ' ' 00°0 ;
» | r-!
. i 1y X
K w-.
3 - 1 e8 7
3 e
: i 4 21 ~
ﬂ o=
. i 4 SL°1 o ]
r~

831 X (R IPd

- 46172 >
2

., - dege 2
k. [ «
; . zim z-Monmosy J§ z0-¢ 74
. L£0 "2 =SISOLUNN %
& , 200°- =AS ] 2
1 ) eco-c -viais | ISE %
126 °66r =NVIMX Py

m L 866 ° =WMI3IINI { G6 °E .
; s
3 s
k 1 1 1 N P 1 1 1 -1 6€ ¥ P
..“ 00 ST =2430 24 ¥04 J0d NVISSNVY 0°G2 =140 ‘14 403 40d INVISNOD el
3 SISATIVNY H0d d3AI3I33IE 111303-99vVyg
m 8y 2and1 3 g
3 2
e - a2 P a0 e A e Pee PR rrS.  MEPISges e T e Y e AT R By = g 22 R A [ A A .l.ﬂm



R N txeaty A A B e R GOSN AT Leay w s At AR L
.” \l-‘ %.F -ﬂl.! - . . : % ., X .ﬁif.’.Vm ¥ \-u\\\n\n\ .-vd!- -n-v 'y Sy v\. .-.. .-.. ~-----.
SN @ SN ® Lrr ] N, O O Ry S SR M RETREAN
ZHW NI P4
ul v n wn ul u » 'S > » »~
N N " - @] o %) 0 ( o 3
tn o wn o ] o i o o T
1 1 1 1 1 T 1 1 go°0
= - " .
B 168°
- 4 2E "}
i . IR
- 4 61°¢
- - €9°¢2
= M S=NOTINOS3H { /0 °E
170 °2 =S1SOLYM
. €00°+ =AINS (S €
- ooz -wois | 1S
L9L 68y =NVIHX
ﬁ 866 ° =1N93INI 4 G6 '€
1 ] ] 1 1 L L 1 i mm cv

00 °S1 =2440 ‘24 404 J0d NVISSNVD 0°52 =140 ‘14 ¥04 J0d INVISNOD

SISATIVNY H0d d3IAT1303d 1320 -99vyg
6y 2and)3

O SR 2 IRRRER

L b
\J-.fni P l-. ‘V .

831 X (P4 IPd

77

o
YR

RS

-, "
P

r\.\.: LA AN

-
U

o

N



N

TeOVCW PR

agat

< ta> faala

DRI TLIN TR FUOr T3 R

€4 0"

27N, SN AT RS & B X VRl I S b PLPEE 3 B DO A
ZHW NI P4
[ ] (3] wm 1Y) 7 b & » »H
B 8 # & B 8 8 8 & 8 d
r 1 1 ' T T T ¥ 00°0
- 4
. 168°
- 4 2€°1
B 41 6L°1
- 4 61°¢C
i 1€9°¢
i ZHM 1=NOT1N0S3Y i L0°E
182°2 ~SISO1M
000°- =3NS .
- rsz'a ~viais | IS E
916°660 =NVIMX
s L66° =WY¥IIINI -] G6°E
T | 1 [} N 1 1 1 L 1 6E ¥
00°y2 =2440 ‘24 H04 J0d NVISSAVD 0°G2 =140 ‘14 ¥04 40d INVISNOD
SISATIVNY H40Od Y3AI3IID3Y 111303-99vy™
0S andi4
e 'RLRASZ PP st R < LG AT S 00 o Teis o s e 2 PRR TS S LK g A

831 X (P 3Pd

“ .-.'-hhﬁnﬁu

.

N

78

P,
)
H

v oy
e

NN TGN

F8.9°0.V .

W W N
DLk J

-
R

o

B AT W Ny
Wy ()~

A A T

-M.- - l‘- l.. "F -?‘ . ' ’

»
A

d J
oAby

AOSIAINY)

Al



T AR L o TN eg v

-

‘.

‘A ¥

TR I R KRR RN AN NN AU TR LY UV U

Pigure 51

—CELL RECEIVER PDOF ANALYSIS

DFl= 25.0 GAUSSIAN PDF FOR F2, DFF2- 24.00

BRAGG

INTEGRAL= . 897

XHEAN=

489. 911
8. 254

+, 002

SIGMA=
SKEW=

KURTOS1S= 2. 280

-

CONSTANT POF FOR F1I,

4.38

..l ‘n‘v ¥ ' 7y

3.4 |-

W

‘h¢\

3.07 | RESOLUTION=2 WHZ

3.51
2.63 |-
2.19 |-
1.75 |
1.31
.88

831 X (P IPd

79

.“J‘.‘ \'." .J*\,-.\q’-,"}.-\~‘.‘;~._-'.\--.'-..'~ .,

Al

0.00

=74

0es

SIS

g1s

S0s

Qos

Fd IN MHZ

SgY

gsv

51214

osy

SLY

BRI S SIS AR TI o

a




R e e 5 PR o PR A e :
_ &3 5 SO B S A A= s PR € 5~ S 2 S - r S S VS Wx SW% b )
E ZHW NI P4
| U] ] wm 1] u )] ~ ~ ~ & ~
Y N n v - Q @] 0 7] ) m ~
] t o wn o ] o 7] o in O [
5 1 1 1 1— ' i) | I 1 1 oo
.“ . - vv *
m 2 4168°
. - < CE°}
3 = Amu;
. -4 61°¢C
o
2 - -4 €9°¢
3 s ZHM S=NOLIN0S3Y 4 /0 °€
012 "2 =SISOLYNN
i 200°+ =ADS .
: zcz'a -vwols ] I1SE
206 °66F =NV3IHX
. L66° =WH¥I3INI - S6°E
.-. 1 | 1 1 L ] 1 [ 1 @m .'
3 00 °¥2 =2440 °24 404 40d NVISSNV9 0°S2 =140 ‘I4 304 404 LINVISNOD
2 SISATIVNY H0d d3IAI3I3TSE 171323-99vVyY
x Z¢ aan3di4

“ad.

831 X (P 3Pd

LA

- -
X T a h il e
AT NP VL SO A A AT ST N .rfhu- a

s

L

PRI
Aot

80

-~

- - . .

R ".‘- ..n‘.‘f.‘
()

R

IR SRS SISO

B L PR

:\_.. o .:\.;_.

« e
~
« M

A

!

\-‘\J‘ -‘,"-‘ J‘\.f ‘-'

At

A

Y
aalieid

R

.'-.“o :

AN P
8

.0



i g SEARLIA, . PSR e PN R A A W Rt

B e R A P S O

; ZHW NI P4

‘

4 - - D - T T )

! o a (0] ~ nN O a m o [AV] (&) .

4 | T 1 1 ' r T | T 00°0

E - {1572
B 1 SIS

4 - 1¢L°L
a -1 62 01
" 1 L8°21

2 SETEY

E _ 71 S =NO1IN0S3Y { [0 ‘61

. 2¥8 2 =SI1SDIUNY

z €00°- =AINS )

3 - gga'1 -vhars | 6570¢

3 666 °66Y  =NVIHX

z B 666 ° =WHI3INI | B1 "EC

3 ' L ' R ! ! ! €L G2

3 002 =2440 ‘24 Y04 J0d NVISSNVI 001 =140 °13 Y03 J0d NVISSNAYD

: SISATIVNY Had d3IAI3I3A q130-99vd8

2 £G oandyg

L 4

s
A
R SE AN

831 X (FPH IRd

e
\f\.v ey

L 4
AT A

81

/

y -%'\I'—I‘\"'

~
'

)

-~
Ifl

'

L {“}";r.' {x "

4

- . .
\._\ \._ -‘,’\p’ .

AT

N - - - L
e A

o N

“gi

AP,

q.' g’ ~K P ,“' ..\t"- .’\‘FA_Q‘:.- »

Nl



RAKEWYLITAS

Cda- v

- AL . Ay e v e =

Sp mEw FT% HEW Ml BRr GBS B ik E€OPER Yk PR s &2 UL N xRS

L}
U
U
t

ARSI

»
\.F

ZHW NI P4

-f'l.‘l

o

n wn ) un n u o ~ 7 & o ......
- (@] o O (@] [ mn (4] [7s] n n :
0O m o [ n (@] m om o N (@) . kS
1 1 1 1 -1 1 v T 00°0 ﬂa..
5
- 2 KA 3
- ‘ {ris =
- e :
Q
- 48201 ~ o
n i
o -
- 4682 v~
P24
- 42rst .
m
: s 2 =Moo g6°L1 O
278°2 =SISOLUNN
| 9L0°+ =A3NS .
- cga-t =wars | SS 0¢
056 °BBY  =NVIMX
- I 666 ° =WHIAINI | 21 'EC
1 i | o} 1 1 { 1 1 ] 69 G2
00°2 =2440 ‘24 ¥04 Jad Nvissnvd  0°01 =140 ‘14 404 J40d NVISSNVI
SISATIVNY H0d d¥3IAIIIFY 11130-99vyd
vs oandyg
I g DI T 5y Sy S N R R O SINEY p YOI ¥ RO IS 5 2 O R KIS g DS OV IR T AL Py P



Wy Plad i T ) et
Fallel) .-.-r.....-.v r AR AR

fo ..-.-»-, AN ’ % ! S ,~5 . Ny
s e @O @RS O ANNENY RS

NN ....l P .y. ‘--.”-.-xu-.v. .....-..»-\.- LN "2 T T N -..r\“. .rl-- \ub |

3 b
: 74
. A
- uy .
3 P
3 A

. ZHW NI P4 .
: ‘o
: ..“...
3 ) wn w w wn u > g ~ » » £S
; - O @) o ] a o 0] o )] 7] o
o (o] o I R o o o0 & n o h
: ' T ¥ 1 T L L\\ T 1 00°0 ..vo
; - 41572 5
\-rm
E: = i Q— .m “.f.

2 ’
ol s —N. oN. v _-.-
- p o
» . IQU » N
- 16201 2 7
3 (A R s
3 - 46872t v e
. - k>
: - derst . -
. m £
3 u 7'M 2=H01IN0S3Y 1 66 °L1 @ N
3 P08 °2 =S1SOLUNY kY
3 _ 6EQ°+ =AINS . hE
3 - osa‘t =vwais | S5 0¢ 3
856 '6BY  =NVIMX g

3 ’ 666 ° ~H93INI - 21 ‘€2 X
» .‘ s
b 1 1 1 1 ] t 1 1 1 60 °S2 ..s”
. 00°2 =2330 ‘23 ¥D3 J0d NVISSNVI 0°0t =140 °14 ¥04 J0d NVISSAVI ”H
: SISATIVNY H0d d3A13023d 1130 -99vy8 b
3 ¢s andyy 1...-
3 "
3 "
- N T, B N T -



°,

N

PRSI N

NN S e e e & ST e g [T I X O C T X R X - > e S ar

iy v Y ir > B o Y P EAA A Py T T e Ty QN B, e s i N &2 S G 1 T Y e e Y P /ast e

W4 &S 4 s wka Bs exs B%E 8y e K ] mE 2SO A NORS

ZHH NI P4

8

. =15} 4
- P69
< 2B

00°0

ots
4 80s
30s
< 708
- 208
oos

- 86¥

4 G€°¢
1 0L°F
4 v0°L
4 6€°6
4Ll

1 6091

ZHM S "=NOILNIDSIY 4 rr ol
788 ‘¢ =S1SOLUNN
€00°- =AMS
Sre°1 =vVWals
EEC "00S  =NV3MX
666 © =TVHI3INI - EI°12

4 661

] ] t 1 1 1 1 1 1 Qv .MN
0'S =2440 '24 Mod 104 nwissayp  o-0f =140 (13 ¥D3 304 NWISSAYS

SISATIVNY 4HOd d33AI13334 11133-99vy4
9g a3y

831 X (PDH IPd

4
sTa Y m s £

AN

%

A
s

3
- &

p 3

kT

P P

84

| 4

$l " '~I~' :

-«
-
0

"

AN

»

@ mar i ar e
S e

\’f'.

.
Ay

Ry

-«
o

. - - - -
WA

"t\\l .'l f?’k' .'.1 -‘d "1 .-I ,‘1 - .‘- "- \-

L




(R NN N WK

-

7 o (SRS T W B R AR ORI, WA A WA, W e
b ZHW NI P3
x wu wn wn wn un wun o » o~ P P
: 2 8 8 € 8 8 8 8 & 8 8
r 1 T 1 T 1 1 T T 00°0
- ) 4 GE°¢
- 168°Y
2 " 1 voL
; - {8676
1 - A
_. 8 4 L0°01
3 L ZHM 1=NOTIN0SIN - 2y °gl
; 902 =S1SD1YUNY
: . A €00°- ~AIMS .
: i cra-1 ~wiors | 94781
; €E0°00S =NVINX
: _ c66° ~WHIIINI 4 T1°1E
.M 1 1 3 1 1 1 1 i) ] Gy ‘€2
R 0'5=2440 ‘24 HO4 d0d NYISSAYD  v-or =130 14 Yod a4 NVISSYD
: SISATIVNY H0ad d3IAT13I03d I133-99vyd
; LS 9an3y4
g = RO S N B R 2L 2 i &S N RRORL

Y
(o 8
&
o>
m
Q.
L4
>
[y
m
@
Ny

85

e b




R AL AR PO L-LE A P 7 2 L LT o s S 2 ST A PR LS AR R AR S L o 5 % AR SOOI NCKIN A A AT A L SN
X

S I VA B - - S O B = T S I CORIA S A SO R I S S -

YOS

" J.\ D)

N0 Y

ZHA NI Pd

00°0

GE "2
69°¥
WL -y
&
A B 18E°6 P %
o | o
3 a ;
: - {ecu ¥ .
., pod X -
3 - H v . 4]
m Y.
: . nm 2-mounosy | 2y gy © &
3 288 °2 =S1S01UN )
z | 200°s AN . 5
: i cra-t =vas | 8L761 s
0E0°005  =NVIWX 3
3 - c6a* =H9INI - 11°12 o
2
1 1 1 1 L | ] i ) | Gr ‘€2 .-”.
0'S =2440 ‘24 Wo3 304 NWissays 0-9i=laa (1duod 104 wwissaws 2

SISATIVNY HOd 3d3AI13J39 11133-99vyd
8S 24n3d14

S

EVNON LY WA ONTAN AR AR AL

St



CaC

. ~
v » " "y - Pt R T TR TR T T A SR Tt e T T T W WA N N T N s
R Ot O S Ottt R XD I A O 4 Do i T AN A M A o 2 T, AR o D D . T T - e e

Figure 59

BRAGG-CELL RECEIVER PDF ANALYSIS

9. 00

DFF2=

GAUSSIAN POF FOR F2,

DFt= 10.0

GAUSSIAN PDF FOR F1,

SRR A o AR AR PUR TSR TR WU WAl LR TR WO W N ? §a® 0P Ba® $2% Ba® $a¥ $a® P ¥ ha® BaU Be¥ RV Rav Bt B, et 00 paN aed S Bl Rt

S 5 9

1] jﬁ_ 1 L ¥ 1 ) 1 1N OIS
_ 4 sos
. S0S
_ 205
- 208
-
=
. oos =
©
L -+ BBY =
N S6¥
™~
p8_ oFf
. o |
lgnig.?é
#lllgg
HIH 12
Z¥S8S 4 i
e e
N @ © 8 ~ & O @& o o o Sy
g K B 8 < & N B8 & = &

h d
o35

831 X (P kd

)

i
J{.

<L/

- =
%

SEXS

87

rr

CIE)
L

P
P it d

v .



ZHW NI P4

wn

Q

N
v

gls
- 88¥
~ 8By
14-14
n K414
gsy

4 80S
- 905
4 708

&

.

'y

*adY,

ZHH =NOIIN0SY
SI6°¢ =SISOLUM

S66° =VHI3IINI

00°0

G6 °1

06 '€

68 'S

08°L

GL'6

oLt}

69 el

09 'Sl

SS°LY

0S 61

0°01 =140 ‘14 404 40d NVISSNVI

=2440 ‘24 Y04 J0d NVISSNVI
SISATIVNY 4H40ad d33AAI13233y 17133-33vdg

v gty

88

831 X (P IPd



Y M

SISATIVNY H0d d3AI

U-\.»m.vu\ LA ,. ‘. o ..ro.-.'.wr.w... ..fhna g M!ﬁ Qﬂn o Jin 0 S ; ' e 5% e o
e O T A S DISEERE, ....‘...mu.,w_,. 2 .;.wr.?& _..uu...\..?..% vae.w.\mw OIS ]
; ZHA NI P2
; w W w ) W u » I n ~ g

- o @) o 0 (@] 0 7o) © 0 ©

o ® ] ~ ] o i) o ~ N o
3 ™ 1 i ¥ I v Pyt | ' 00°0
m R 466°1
. | -1 06 ‘€
. B 4 68°S

" { 08°L
; B 4 GL°6
Z - 4 0L°11
: i | 21 2=NOLIN0SY | Gg *El
A G168 "2 =SISOLUMN
: A 100°- =AMS .
; - ocze -wars | 095!
E 2E0°00S =NVINHX
“. . 666 ° =TVNI3INI - GG LI
w ﬁl. 1 1 N IS L L 1 1 A 0sS ‘61
3 00°6 =2440 ‘23 ¥0d4 J0d NVISSNVO  0°01 =140 ‘14 ¥0d4 40d NVISSNVI

3333 11130-99VyH

19 aandy g

831 X (P3P IPd




- T MEEL TR e B A A s ™ L NS EXRESE T e BT P [ I R - v e

ST
w_ Re LI R eR - B £ AU > T LG s L SN JCoL P VUM, S A AR AN B LS SR
] .
» "
wn .{ -
Iy .
: %
o ZHW NI P4 e
o] '
4
o
u Ul Ul w n u 'y » > » » 5
N N o - 0 (= (To} n [11) a ~3 4 4
wn o w (& ] wn (& ] (4] [®) (1] (@] (V)] e e ,. i
T T T Y 7 ¥ ¥ ] ¥ 40°0 e
.-.1\'.
- 4 €0°1 A
¥
‘f. d
- 1 80°2 %5
- “ﬂ )
o 1 Q— m ) ....H.
9 %
- 4ety A~ o 3
a A
i Jorg ¥ %
e 3
- 4619 . h
m 'y
@© 3
- ZHY [=NOTIN0S3Y 4 22 L
2r8°C =SISOLUM
€00°- =AIMS i .
- wzr -viars | S¢8
866 "66r =NV3IHX
n 666 =WHIIINI - 62 °6
1 [ ] 1 1 | o | 1 ] 1 Nm .Q—

00°S =2440 ‘24 ¥04 40d NVISSAVD  0°G2 =140 °‘Vd ¥0d J0d NVISSNVI

SISATIVNY H0d d43IAI3ID3Y 11133-99vyd
29 aan3dy4




T T T S T T T T T o S L T PR AT WS S U WU MU A UK IO A TN LR TUR T TR PO P e XN T NT ‘g tng it

5.00

=8

B N 02s 0

= 4 818

g1s 'n':

=181

GAUSSIAN POF FOR F2, DFF2=
T

&%

00s

Fd IN MHZ

151=14

PFigure 63

BRAGG-CELL RECEIVER POF ANALYSIS

oBYy "

500. 009
4. 207

KURTOSIS= 2.842
7.19 [ RESOLUTION=2 WHZ
1

2

Pl b,

81-14

XMEAN=
SIGMA=
SKEW=

5 ¥
g g

SLy

GAUSSIAN PDF FOR Fi, DF1= 25.0

10. 28

Q.25 } INTEGRAL= . 895

8.22 I
8.17 |
S.14 |
1
3.08 |
2.08 |
1.03 |-
0. 00

-

831 X (B IPd

o

A

» tq
b
(AW o & oa Pt TP ANy
‘a ;

-

5

-
Y

g ' 91
r‘

y

LA

PEFL )
.
%

s

f‘

Tt

. e, " o A O ) e oy - - .
LAY .n_l‘-nl.o..l.t’ At Pt xhah U-"! iy 1000 YUCTU MO N Y S |‘:’5 ! » N WM

v

AR LRSI R g PSRN N o .*_."
D 20 -~ » . MLoalS i oS




R R R A R R RN N R A R AR A N A R S A W A WA N P PUNU U U U UL UL PU U IR LU YU UL YT LT U AT

B

M,”
=

LI =

-
-
= - .

S5.00
) =53

S A v W

B <4 SIS

gis

-..
3

B - s0s

o

GAUSSIAN PDF FOR F2, DFF2=
|}
[
o

-
- -

KO

g
in
Fd IN MHZ

B &&=

-
g

Figure 64

BRAGG—CELL RECEIVER PDOF ANALYSIS

i o
o

»

409,949

‘. zm
+. 001

KURTOS1IS= 2, 803

7.19 | RESOLUTION=5 WHZ
1 |1
!
-t
299 BRe BX

[~ -

81-14

XMEAN=
SIGHA=
SKEW=

L 1

i -
- -
- -
o 3

n =- M

) 831 X (P 3P

VA 4

GAUSSIAN POF FOR F1, DF1= 25.0
10.28
el

.

9.25 | INTEGRAL= . 895

68.17 |
2.08 }
1.03 |
0. 00

8.22 |

S - - -

O A 92

.C‘
-
A%
e e Vg Ve

Fla.

Ca s e ¥y " X M W . §
LS AL WSO SO U U N ¥ ! LT L LY, Au ™
R D O o O O e O RO DRI AN R ORS C XE P  X OMD T P P MO O M, St T A A S T O R T 4




B R RN AR A R NN A RN N TN, UM U U LA R RN RS W U NS WAL Y. TRAPEIRUA LS SO AU AW N VR U

S2s

.
i
4
.
.

B SIS

- 4018

GAUSSIAN PDF FOR F2, DFF2= 15.00

&
Fd IN MHZ

- 4 sBY Ly

Figure 65

BRAGG-CELL RECEIVER PDF ANALYSIS

5,
587 ..:.:n

490. 898
4.011

-. 002
KURTOSIS= 2. 898

B.33 | RESOLUTION=1 WHZ

- 08y

INTEGRAL= . 895

SIGMA=
SHEW=

XMEAN=

SLy Pl

GAUSSIAN PDF FOR Fi, DF1= 25.0

9. 04
8.13 |-
7.23
S.42 |
4.52
6
2.7 |
1.81
.90 |
0.00

831 X (P IRd g

e OER 3N OB T SE RS S S 2R B SR R

93 W

g 8B ra

Y T . N N . N
ittt P B S e g T e O S P A NS A AR A e
B . = o

[N RN

PTCPPPI
ACOV Oudn”




0 'us.,: T T ™ T ™ T -T T -7 SEs

oy

nao L

> & 4 ges

J -

SOt s1s

<§g

U

w - ots

ok

QA =

vE T SN

43 :
o - 00s =
OLU =)

® . ©
kR sgy W
=y L

_!ES. B osv

o= g gi

“,’5 - Elgigeﬂ‘ S8y

3 s e w e 3 §

o g 211,85

Oz B2i:iq - o8¥

€= =¥-5Sy

(22} g 1 _y ) _ 1 4 [ 1 [ SLy

S8 2 8 8 $ 8 8 R 8 8 8
S 8 N & B «® ® o - R
831 X (P IPd
94
:".-.l.:‘\'!‘l‘:‘l‘:‘!'t‘l'a‘,l‘ll'n’l‘A.l‘O o Dn n i l.‘un.l‘.lffl , .ll.. il . - ... » .h. ' A ' . .l. e

FE k)

2 i

55

ey

1%

T

&

T B

>

kR %

% | 3




WANITGAPY WL WP, WL Uy ‘Eate gt IRERA RN AN VB Ul Vol a #ab 328 Yok tad. AL 128,920 Voh call "tal ot ¥0d 158 ¢ gy ak ol gh e gt -

il
F K

L 1§ R 1 1 ] RS 1 1 SZS

r “'
- L s1s

0 T S ‘(&"

DFF2= 15.00

GAUSSIAN PDF FOR F2,
T
A

t

8
in
Fd IN MHZ

Figure 67

BRAGG-CELL RECEIVER PDF ANALYSIS

B
i
B
B
3
A
i
£
g

t

£

A
o
Yy

4.0811

osy !

XMEAN= 409, 097

SIGHA=

SKEW=

KURTOSIS= 2. 895

RESOLUTION=S W{Z
25

=
2%

SLY

GAUSSIAN PDF FOR FI, DF1= 25.0
T
INTEGRAL= . 895

[ i
S S
N t~

9. 00
8.10 |
7.20 |-
5.‘0 =
3.60 |-
1.80
.90 F
0.00
=2,

- N

i
g
§
ﬁ 831 X (P Pd
¢
B
k

'--
oo

P
(. 7%

95 i

BACALAGAGM G AOSO AN IR0 IO MM MM KO ISR NI AR N A AR e N A S




Figure 68

BRAGG-CELL RECEIVER PDF ANALYSIS

R SN AN N 1 ' ¥, ¥
s BN !ln-“ b \".n'i a"'x“‘f"“a’l “.,Q“‘j“fl»“",. [ o D‘J.'_Q,.' X ‘..\‘f‘i

R U G e eV m s pa R E R %A R Rt Pab e € i uaita gt

&R OB

4

&<
o

GAUSSIAN POF FOR F2, DFF2= 24.00

5.718

RTOSIS= 2.016

|

XMEAN= 499,000
SIGHA=

SKEY=

|

— 528 i

<1

' OZS WA

S1S

o1s

Py @& TR

S0S

QoS

Fd IN MHZ
1R K

< SB%

o5y

S8y

A
223

SLy R

GAUSSIAN POF FOR FI, DFt= 25.0

7.61

| 1
8 3 K
o s

831 X (P 3Pd

8.85 |- INTECRAL= . 995
S.33 | RESOLUTION=1 WHZ

6.09 }

4.57

96

| - 1

8 g
. .
L

0.00

R B

=



s s 9

PSCH
oo

RO

Figure 69

OO

=
) 3 T T T T T T T T T =44~}
_
N 025
7S
Sot s18
<&

(¥ Y
L - gls
k=
Lz

- S0s

0 ~N
>t oos =
uw e

3 ©
St sy W
x X
| & 5 - 0By
| -
M 2 o3

o - N ) a
OF - Bg2g37 sev
Ow | L-97a3

[- % L R ) -
v=| Z£5H3¥
@ g L L 1 1 I8 f 9y ' 4 SLy

Sh 5 8 8 % 8 8 R & 2 8

N~ & &8 1B € @8 o o e 1
831 X (P IR
97
TN L L A R R e ) AT 0] IO LSy SISO T e

"
= A
N A ICNY

\J
Y




T A RS U LI LGN T

g eay <

nal tab Nal o Tal sal wall Vol .

> & ke

PR AR

< T T e

S - R

T I R

.
kol

ZHW NI PJ

VA 4

wn [3)] wm wn (Y] wmn E ™ o
g B 2 2 B8 8 B 8 & B8
L | ¥ T | | § T | |
-~ -
I A
ﬁ -4
I
:
L .
. Z2iM S=NOTINTW0SIH
616 ‘¢ =S1S01
. 100°- =ADS |
B B8IL°S =VWOIS
866 66y =NVIHX
» €66 ° = WHIILNI -
J | 1 1 1 1 A 1 i |}

00°v2 =2440 ‘24 HO4 A0d NVISSOVI

SISATIVNY 4H40d d3IAI3I3IN 11133-99vaHd
0L 9andid

ey

- -

00°0

8L’

1IS°1

(2e

€E0'E

6L°€

s°r

OE°S

19°9

LS°L

0°62 =140 ‘14 404 J0d NVISSNVI

e RSN A RIS A g FCA

831 X (P IPd

- "

' e e e

98

Y

. A L .
OCCERAOONF X P i R KON = AT

-
A " « )

Q

-

\’*‘.‘0 M INN W

-

M
t..“a‘(“‘l.. l. J‘.‘.A.l

ai l‘.‘ &

3,47, .*.“

RGO




TSN UE PRV v ATV U Ny LY N UY VR I UAN AN AR AR PR A T I WU WL WL VLT N kg TR NN oY RRTLNIN

CONCLUSIONS 'u::'f
Bragg-cell receivers can accurately measure frequencies of time ®
coincident and time overlapped RF signals, which is a big advantage over 4
other receiver types. Bragg-cell receivers are available with bandwidths
to approximately 1 GHz, and frequency resolutions of 100 KHz to 10 MHz.
The Bragg-cell receiver's frequency parameter is analyzed and resuits
are presented in this report. Probability density function analysis and

statistical analysis results are presented for this receiver for selected

22T @ TNy REEERET. o P
o (L IAXS AT PRI & P

frequency resolution capabilities. AR

The first order math model is developed for the Bragg-cell receiver. .'u!.‘.:':

The input signal's frequency is assumed to be a constant pdf or Gaussian i .!.‘

, pdf characteristic. The primary distortion signal is generated by nonlinear ;".l'.l.
iﬁ acoustic transducer characteristics. The distortion signal is also assumed '.E;:.:E
to have a constant pdf or Gaussian pdf characteristic. ':::E.::;

i Staircased pdf characteristics are observed for all pdf frequency .1_
@ characteristics. The staircased function is introduced by the f{requency .:"::!::g
oty

sampling of the photodiode detector array used in the Bragg-cell receiver.

The output frequency pdf characteristic is observed to depart from the input

signal's frequency pdf characteristic for many of the wideband RF signal 0.“:::

. |.l

g cases and wideband distortion signals produced by the AO transducer. *'
l'q

Distortion signals with large DF2 values can significantly change the ‘O

Wy ]
}"' output frequency's pdf characteristic. Also, the frequency sampling :- 4
A

5 (or detector frequency resolution) at the detector can further distort XY
5'. \’. 1
LY A}

the pdf characteristic. Low frequency resolution at the detector produces ‘

."" the most significant distortions. EW emitter classification and EW ‘:':
) \. |‘I
direction finding systems can be affected by Bragg-cell receiver distortions. N e

[} XX

E These distortions are especially important for wideban? radar emitters. ®
X

R
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f

Math model validation is recommended for the Bragg-cell receiver. »

&

Mode! validations are readily performed using an actual Bragg-cell receiver ::5

% 2
o
N

and associated test equipment.
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. APPENDIX A ?
" BRAGG-CELL RECEIVER ,
X CONVOLUTION PROGRAM - M
. USRS
2 19 ! “BRAGG" PROGRAM X
" 20 ' SRAGS-CEZLL RECZIVER ANALYSIS \
“ 30 ' CONVOLUTION OF #i ARRAY AND FZ ARRAY gg ]
» 40 ' THIS VERSION PERMITS STORAGE OF CONVOLVED ARRAY WITH ITS FRECUENCY AXIS "
: 59 ! STORAGE TAKES PLACZ PRIOR TO PLOTTING--A STRING NAMED INFCS IS ALSO .
89 ! STCRED--3SHOULD CONTAIN MINIMUM INFORMATION ON STORED OATA -
~ 7Q ' PLOT 30TH INPUT ARRAYS ON K AXIS §3 ]
b 30 ! PLOT CONVOLUTION ON FREQUENCY AXIS <P
" 30 : LABEL TOTAL VALUES FOUND IN CONVGLUTION ARRAY ¥
X 130 | ARRAYS MAY 3E ANY CCMBINATION OF FLAT/GAUSSIAN N
> 119 ¢ CECZMBER 1386 o Y
120 ISP “0O YOU WANT TO SAVE CONVOLVED ARRAYST® @ LINPUT “ENTER Y/N= KPS
. 130 'IF KPS(:,il="Y" THEN GOSUB KEZP ~ B
o, 139 DISP “ZNTER INTESER LENGTH OF LONG ARRAY* @ INPUT CF! :3 N
¢ 159 !DISP "ENTER LENGTH CF SHORT ARRAY" @ INPUT DFZ !
9 160 DISP “MAKE THESE ENTRIES IN MNZ™ J
" 179 OI5P “ENTER OELTA FRECUENCY FOR THE LONG ARRAY" @ INPUT CFF1 = 9
! 180 OI5P "ENTER OELTA FREGUENCY FOR THE 3HORT ARRAY™ @ INPUT OFFT wl
- 130 OF2aCF1/(CFF1/CFF2) @ N=CF1s2 @ 3GF1=0FF1+1000000/6 @ SGFLO=OFFZs 1300000/ 5 '
o 200 OISP "OFi=*;CF1y* OFZa";DFZ:" N="{N @ NMR1=1/(SGF1eSQR(Z+PI)) .
" 210 OPTION SASE 1 @ RAD @ NMRLC=1/(SGFLOSSGR(ZSPI)) @ MU=500000000 §§ ,
: 229 OIM PX(S3Q) ,PH(SD) ,PY(393) ,TSI8Z], TISISI],FX(SQQ) ,X(500) , Y( S} , INFOSI Q) )
¢ 239 LINPUT “ENTER =<80 CHARACTERS OESCRIBING DATA", INFOS g
X 230 REDIM PY(N=1) ,FX(N=1) PX(N) ,PH(N) .
250 FOR K=1 TO N ! FILL INPUT ARRAYS WITH ZERGES . N,
N 260 PX(K)=Qd @ PH(K)=Q \
] 279 NEXT K - M
I 280 Q15P se44+PICK COMBINATION®:eee \ﬁ .
0 230 ISP " 1-BOTH ARRAYS FLAT™ | w
b Joo DISP * 2-SHORT FLAT, LONG GAUSSIAN®
310 OISR * 3-LONG FLAT, SHORT GAUSSIAN® l
. 320 OISP * 4-BOTH GAUSSIAN" =
; 330 DISP “ENTER YOUR CHOICE" @ INPUT PIC
K 340 IF PIC=2 THEN SHRT -
LY 359 IF PIC=4 THEN GOSUB ARZ SR
) 360 LSTEP=1 s
g 370 FOR X=1 TO N\2 IMAKES FLAT LONG ARRAY
: 380 PH(K)=1/(DF1~1) D oq
N 330 NEXT X N
o 400 SHRT: IMAKES FLAT SHCRT ARRAY A
2 410 IF PIC=3 THEN 50SUB AR3 .
y 470 SSTEP=! N
: 430 FOR X=N/3-CF2/2 TO N/4+CF2/2 LI
, 440 PX(K)=1/(DF2-1) ;
i 4S9 NEXT K ﬁ !
i . 460 IF PIC»2 THEN GOSUB ARZ O
, 470 CNVLV: ]
r 480 YTOT=Q . g
: 430 FOR K= TO N-1 ”ﬁ "
4
‘l -
t
a

tl

=]

. U
! —_— . . o N —p i e z e . 0 n
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E 50 YSUM=Q
510 STL=G0Q-CFF! @ STPL=GO@+OFF! @ STZL=(STPL-STL)/(N=1) @ IVALaSTL+STZL/2
529 FOR J=1 TN K
530 YSUMmYSUM+RXS J)sPH(K=J41)
530 PY(K}=YSUM/(STZL* 1000000 )
S50 NEXT J
S50 IF K MOD 50=0 THEN CISP “"X=*;K
Iﬁ §TO NEXT X
530 FOR K=1 TO N-1 | MAKE FREQ ARRAY SCR XAXIS
530 FX(K)=IVAL
| §90 IVAL=IVAL+STIL.
g 810 NEXT K
520 SUMY=Q
32 FOR X=1 TO N-2 ! INTEGRATE
BAY XSa(FX(K+1)=-FX(K)}* 1000000
g 630 YS=(PY(KI+PY(K+13)/T
650 SUMY=XSsYS+SUMY
§79 NEXT K
gg 6§30 DISP "“SUMs";SUMY
630 :IF KPS{1,1l="Y* THEN GOSUB KP!
700 CHOICE: ! PICK PLOT
<10 OISP - 1-ALOT BOTH ORIGINAL ARRAYS SAME AXIS™
g; 720 OISP * 2-PLOT CONVOLUTION ON FREGUENCY AXIS®
730 OISP - 3-2XIT PROGRAM™
739 O1sP * 4-STORE DATA®
§§ 753 DISP * ENTER YOUR CHOICZ” @ INPUT CH
760 IF CH=4 THEN GOSUB KEEP
770 IF CHS! THEN T30
<80 LINPUT “EXTERNAL PLOTTER? Y/N“, HPS
'i 790 IF CH=3 THEN BEZP @ DISP "OONE" @ STGP
800 IF CH=1 THEN 60SUS PLT!
810 IF CH=2 THEN GOSUB PLT3
gg 820 PLOTTER IS 1 @ PEN -1 @ GCLEAR @ LOCATE 30,170,25,80
330 Y1=0 @ YZ=AMAX(Y)e!.! @ XI=STL @ XZ=STPL
840 START: ,
350 SCALE X1,X2.Y1,Y2
g! 860 FXD 2 @ LAXES (X2-X1)/10,(Y2-Y1)/10,X1,Y1
70 XAXIS YZ,(XZ-X1)710,X1,%2
880 YAXIS XZ.(Y2-Y1)/10,Y1,Y2
EE 890 MORCAT: | ADD MORE OATA SAME SCALE
900 IF CH=1 THEN 350
910 IF CH=4 THEN 950
920 DISP “ENTER BRAGS-RECEIVER FREQUENCY RESOLUTION"
BS 330 INPUT RES
940 KRES=INT(RES/(ZOFF1/N))
, 950 FOR K=1 TC TOP
EB 360 PLOT X(K),Y(K) @ IF CHe1 THEN 1040
370 IF CH=4 THEN 1040
980 FOR L=1 TO KRES
. 990 IF K+L>sTOP THEN 1050
R 1000 PLOT X(X+L),Y(K)
1910 NEXT L
, 1020 KaK+L-2
£ 1930 L=t
: 1040 NEXT X
1059 IF HPs="Y* THEN EPLOT
o 1060 IF CH=1 THEN GOSUB PLTZ
R 1070 IF CH=4 THEN PLOUT 103
)
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1982 IMAGE "CONSTANT POF FOR 71, OF1=" ,00.3." CONSTANT POF FOR FT , CFFI=",00.D

;090 IMRGE "TONSTANT POF FGR FI, OFt1=" 0D.0," GAUSSIAN POF FOR FT , OFFZ=*,00.D

120 IMAGE "GAUSSIAN POF FOR F1, OF!=" DD.3," CONSTANT POF FOR F2
D".
1110 IMRGE “GAUSSIAN POF FOR F!, CFi=" 0D0.0,° GAUSSIAN POF FOR FZ , OFFZI=" [OD.
a,”
1129 T3="SRAGS-CILL RECZIVER POF ANALYSIS™ @& CSIZE 3.3,!
1130 LORG S @ MOVE XZ-(X2-X1)/2,YZ+(¥T-Y1)/9 @ LABEL USING “X* ; TS
1139 CSIZE 3 :
1169 MOVE XT-{XT-X13/T,YZH(YZ-Y1)/13 @ IF PIC=1 THEN LABEL USING 1080 : OFF!,DFF
2 @ C3IZE 3
1160 IF PIC=3 THEN LABEL USING 10%Q ; OFF! ,DFFZ @ CSIZE 3
1179 IF PIC=Z THEN LABEL USING (10@ : OFF1,DFF2 @ CSIZE 4
1180 IF PIC=4 THEN LABEL USING 111@ ; OFF1,0FFZ @ CSIZE 4
1190 MOVE XZ-(XZ-X1)/Z,Y1-{YZ-Y1)/5 @ LABEL USING "X" i “FD IN MHZ"
1290 MOVE X1-¢{XT-X1)/T,Y2-(Y2-Y1)}/T @ CEG @ LDIR 20 @ LABEL USING “X“ ; “Pdf(FD)
X 1EB*
1219 IMAGE “TOTAL=",00.0CO
MQVE X1 ,Y1-<(¥Z-¥1)/S @ LOIR @ @ LORG 2 @ LABEL USING 121Q ; SuMYy
1230 PLOUT:
123@ LINPUT “TUMP GRAPHICS?T Y/N" ,0Gs
1259 IF CG8="Y" THEN OUMP GRAPHICS
1269 EPLOT:
1270 HPS="N"
123@ LINPUT “PLOT ON EXTERNAL DEVICZT Y/N",PLES
1289 IF PLES="Y" THEN PLOTTER IS 705 @ PEN | @ LOCATE 30,110,29,89 @ GOTO START
1309 IF CH=4 QR CH=2Z THEN CHOICE
1379 3EEP 150,300 @ DISP “DONE™
1329 ENO
1339 PLTI: PLOT SHORT ARRAY
1349 REDIM X(N),Y(N)
135S IF CH=1 THEN MULT=1 ELSE MULT=1{0Q000000
1369 FOR K=} TO N IFILL X AND Y ARRAYS
1379 X(K)=X Q@ Y(X)ISPX(K)OMULT
1380 NEXT K
1390 X1=1 @ X2=N @ YI'O @ YZ=AMAX(Y)*1.1 @ TOP=N @ LINE TYPE 1
1400 PLOTTER IS 1| @ PEN -1 @ GCLEAR @ LOCATE 30,170,25,80
1410 GOTO START
1420 RETURN
1430 PLTS: | PLOT LONG ARRAY SAME SCALE
1440 Te="INPUT ARRAYS"
1459 IMAGE “CONSTANT ARRAY FOR F1, DF1=" DD.D,* CONSTANT ARRAY FOR F2
00.00
1489 IMAGE “CONSTANT ARRAY FOR F1, DF1=" DO.D,* GAUSSIAN ARRAY FOR F2 , OFFZ=",
00.00
1470 IMAGE “GAUSSIAN ARRAY FOR F1, OF1=" DD.D," CONSTANT ARRAY FOR F2
00.00
1480 IMAGE “GAUSSIAN ARRAY FOR F!, OFt=* 0D.0,* GAUSSIAN ARRAY FOR F2 , OFFZ=",
00.00
1430 LORG S
1590 MOVE XT-(XT-X1)/1,Y2+(YZ-Y1)/20 @ IF PIC=2 THEN LABEL USING 1470 ; DFFi,DFF
Z Q CSIZE &

1S1Q MOVE XT-(XT-X1)/2,Y24(YZ-Y1)/20 @ IF PIC=! THEN LABEL USING 1450 3 OFF! ,OFF
2 Q CSIZE 4

1520 MOVE XZ-(X2-X1)/T,Y24(Y2-Y1)/20 @ IF PIC=3 THEN LABEL USING 1480 ; OFF1,DFF
2 @ CSIZE 4 104
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1530 MOVE XT-(X2-X1)/2,Y2+4(Y2-Y1)/20 @ IF PIC2a THEN LABEL USING 1380 ; DOFF1 DFF

2 @ 05122 4

154@ LORG S @ MOVE X2-(X2-X1)/2,Y2+#(YZ-Y1)/9 @ LABEL USING “X* i T3

1S5 IF CHs! THEN MULT=! ELSE MULT=) Q00000000

1650 MOVE X1-(X2-X1)/7,Y2-(Y2-Y1)/2 @ OEG @ LDIR 20 9 LABEL USING “X“ ; “"VALUE X
“iMULT

1S7TO FOR K=t TO N

1580 Y(K)=PH(K)emuLT

153Q@ NEXT «

1620 CH=a 3 LINE TYPE 4 @ TOP=N

1810 G0TO MORDAT

1829 RETURN

1630 PLT3: ! FILL CONVOLUTION ARRAY

1649 REDIM X(N=1),Y(N=1)

1650 MULT=| 000000000

1689 FOR K=! TO N=1

1672 UL I=EXIXS @ Y(K)=PY(K)oMULT

1830 NEXT X

1630 TOP=N-1

1700 RETURN

1710 ARZ: 1SUB-GENERATE GAUSSIAN FOR THE LONG ARRAY N
1720 Stt=MU-30SGF1 @ Stp=MU+3eSGF1 @ STZ=(Stp-Stt)/(N\2) @ IVL=S4t oy
1730 FOR X=1 TO N\2

1730 PH(X )NMR1eEXP((=-( IVL-MU)I~2)/(2»SBF1°2)) @ PH(K)=PH(K)*STZ

1750 IVL=IVL+STZ

1760 NEXT K

1770 IF PIC=4 THEN AR3

1780 IF PIC=2 THEN CNVLV

1790 RETURN

1800 AR3: 1 SUB-GENERATE GAUSSIAN FOR THE SHORT ARRAY

1810 Stt=MU-3eSGFLO @ Stp=MU+3eSGFLO @ STZ=(Stp-Stt)/(N/3+0FZ/2-(N/4-OF2/2)) @ I

VL=Ste

1829 FOR K=N/3-0F2/2 TO N/4+0F2/2

1830 PX(X )sNMRLOSEXP( (={ IVL-MU)*2)/(2+SGFLO*2)) @ PX{K)=PX(K)*STZ

1840 IVL=IVL+STZ )

1859 NEXT K

1869 IF PIC=3 OR PIC=4 THEN CNVLV

1879 RETURN

1880 KEEP: | FILENAME ENTRY

1890 OISP “FILENAME MUST BE ENTERED IN UNIX PATH FORM /DISCNAME/FILENAME"

1900 LINPUT “ENTER OESCRIPTIVE FILENAME",.FS

1310 CREATE Fs$,1,29902+89

1920 ASSIGNR ! TO F8

1930 PRINTS 1 ¢ N,INFOS,FX() ,PY()

1940 ASSIGNZ | TO »

1950 6OTO CHOICE

1960 RETURN

EX Y
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APPENDIX A .

BRAGG-CELL RECEIVER @

PDF GENERATION & STATISTICAL ANALYSIS PROGRAM @ "

i '!‘

S BRAGSPOF  THIS PROGRAM COMPUTES 3RAGG-CELL RCUR. POF AND STATISTICS X}
19 THIZ PRCGRAM GETS DATA FROM A CONVOLVOLUTION FILE-D0ES CEN mOMS ;

28 'CATA I3 THEN PLOTTED WITH LABELLED CENTRAL MOMENTS, INT, 27C....

23 R P

3 SPTION 3ASE :Q
) 33 OIM FRUIS0Q {580 ,INFQ3(80],T3(7T5] by
% 23 315P -“PLZASE JSE FILENAMES WITH I OIGITS FOR CF1° y

. 83 LINPUT "FIlLZNAME?" F3
70 AS3IGNS 1 TO 3
33 READS 1 3 N ¥ N=N=}
3@ AETIM FXING ,AH(N)
190 REACS | i INFOS,FX{ PHO:
118 7GR X=' T0 N o
. 108 FRIK =YK :1+132
' 130 NEXT K
143 AS3I3NE | 0 )
1So DISP @ 0ISP INFOs 9 DISP
160 S!3=REUS(F3; Q Ps==13(1,1]
; 173 IF Ps= A" THEN PIC={
’ 180 IF Ps=*3* THEN PICa=2
! 19¢ IF Ps="C" THEN PICaJ
238 IF Ps=*3* THEN PIC=2
218 OFi=yALI(F3{Z 43} SFLOsVAL(FS(E8,7T3
. 223 2137 "SENTER RESOLUTION IN MHZ® @& INPUT RES
f 228 XST=INTIRES/(C*QFI/N))
. 233 SFMEAMAX{FX j=amMIN(FX ) @ FSTPM=QFM/{N=1)sXST @ OF=FSTPM*1302000. & SUMI=Q
; 259 SUMY=3 3 3UMSagd 9 SUM3=Q 3 SUMa=Q
' 289 FOR K= T0 N=}
273 XSA(FX{K+1)=FY(K})21300000 & YS=(PH(K }+PH(K+1))/2
288 3SUMI=SUMI+XSeYS
298 NERT K
380 FOR K=t TQO N STEP XST
313 FYXIK;=FY{K 11200000
323 PH(K )=PH(K 5/ SUMZ
333 SUMYsSUMY+PH(K JeFX(K )e*0F
340 NEXT )
350 XMEAN=SUMY
b 363 FOR X={ TO N STEP XST
j 370 3UMSaSUMS+H(FX{K )=XMEAN)~C+PH(K ) e0F
' 380 NEXT K
390 UNCsSUMS @ SISMA=SGR(UNC)
400 FOR K=! TO N STEP XST
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« 410 SUM3=SUMS+(FX(K )=XMEAN)~3ePH(K Ye0F %
N 420 SUMASSUM3+(FX{K )=XMEAN )*3oPH(K )*0F ¥
433 NEXT K ~ R
440 CM3=SUM3 § ChMa=SUMs "

450 SKEW=CNM3/UNC~1.5 @ KURT=CM4/UNC-2
‘ 469 PLOTTER IS | @ PEN -1 @ GCLEAR @ LOCATE 30,179,25,80 s,
) 470 Y1=Q § YI=AMAX(PH)e 1000000001, @ X1=FX(1)/1000000 @ XJ=XSeN/1200000/2+530
! 480 START:
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230 3CALE %1 ,X2,71,Y2

890 FYD 3,1 3 LAXES (XT-K1)/10,(¥2=¥1:/13,X1,71

Sid XAXIZ VI ,(XT=413/19,X1,%2

823 YAXIZ X2,1YT=/1)/1Q .71 Y2

S23 MCRDAT: ! ADD MORE CATA SAME SCALES

€43 FOR K=) TC N STEP XST

SS3 IF K+XSTIN THEN S30

S89 PLOT FX{K)/1303TTT,PH(K 130000033 2 PLOT FRIK+XST /1000800 ,74(K }»102002000
373 NEXT K :

;50 :ggea “CONSTANT POF FOR F1, QFt=° 0OCC.J,* CONSTANT POF FCR 72, DFF2=" D0C.D
2

S30 IMAGE °CONSTANT POF FOR F1, OFi=° ,300.3,° GSAUSSIAN POF FOR F2, OFFI=",00D.0
L

890 INMAGE “3AUSSIAN POF FOR Fi, OF1=" 300.0,° CONSTANT POF FOR F1, CFFI=- ,DDD.
<o

8i3 IMAGE "GAUSSIAN POF FCR F1, OF1=" ,000.0," GAUSSIAN PDF FOR 72, OFF2=-,00D.
30

829 T3=°3RAG6-CZLL RECEIVER POF ANALYSIS® 9 C3IIE 3.32,1

8§30 LORG 5 3 MOVE XZ=(XT=X1)/T,YI+(Y2=¥1)/9 @ LABEL USING "K* ; T3

6§49 CSIIE 3

653 MOVE XT-(XT-X1)/2,YC+(Y2=¥1)/18 @ IF PIC=1 THEN LABEL USING 530 : CF!,0FLO @
- C3ILE

§89 IF PIC=3 THEN LABEL USING S30 ; OF! ,DFLQ 9 CSIZE ¢

8§79 IF PIC=2 THEM LABEL USING 830 ; OF! ,DFL.0 @ CSIZE 3

8§30 IF PIC=4 THEN LABEL USING 5§13 ; OF1,DFLO 9 C3IZE 4

6§30 MOVE XT-(XZ-X1)/2,Y1=(YZ=Y1)/S @ LORE 5 @ LABEL USING °*K* § °Fd IN MMI®

730 LORE S 9 CSIZE ¢ A LORG §

713 MOVE X1-{XZ=X1)/7,Y2=(YZ~Y1)/T @ DES @ LOIR 9@ & LABEL USING °K" ; °*Pdf(Fd)
% 1E3°

729 LDIR J @ RAC

738 IMAGE “INTESRAL=",0.000°

743 IMAGE “XMEAN=" D000D.0CO

783 IMAGE “SIGMA=" ,0C0.000

783 IMAGE °SKEW=" ,SD0.000

779 IMAGE “XURTCSIS=",0D0D.000

780 CSIZE 2.5 @ LORG 2

79Q MOVE X1+(XZ=X1)/2S8,Y2-(Y2-Y1)/1@ @ LABEL USING 730 ; SUMZ

800 LABEL USING 743 1 XMEAN/1000000

810 LABEL USING 7SJ i SISMA/1000000

823 LABEL USING 763 1 SKEMW

830 LABEL USING 770 1 KURT

840 LABEL USING °K® ; °"RESOLUTIONs"iRES;* MMZ®

853 LINPUT °DUMP BRAPMICS? Y/N* 60MS

869 IF GOMSC1,11=°Y" THEN OUMP GRAPMICS

879 IF EPLS="Y" THEN 300

880 LINPUT °PLOT ON EXTERNAL OEVICE? Y/N° EPLS

890 IF EPLS$="Y" THEN PLOTTER IS 705 @ PEN ! @ LOCATE 30,119,23,83 @ GOTO START
963 8EEP 283,300 2 DISP °CONE*

913 ENO

UL

107
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